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three 

design steps 
in 

nuclear subs 


World’s first atomic ship, the Nautilus, (1) 
is now almost six years old, traveled 62,500 
miles on the original uranium core. Sargo (2) 
two years younger and 80 ft shorter, became 
our third North Pole visiting sub in 
February. Shown are two Navy Research 
Labs engineers at the iceberg detector aboard. 
A 35-ft radiometric sextant mast (3) of 19-10 
stainless presented new problems in 
tolerances and strengths. It goes on Polaris- 


firing submarines . . . see page 3 











Pressure drop thru 
3-way N.C. Pacer 
valve under steady 
flow conditions. In- 
let pressure 80 psig. 
Data shown as a 
range rather than as 
absolute values due 
to variables such as 
barometric pressure, 
manufacturing toler- 
ances, etc. 
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Pressure drop thru 
both N.C. & N.O. 
sides of 4-way Pacer 
valve under steady 
flow conditions. In- 
let pressure 80 psig. 
Data shows ranges 
for each side rather 
than absolute values 
due to variables such 
as barometric pres- 
sure, manufacturing 
tolerances, etc. 


Announcing 
a new and better solenoid 
valve in the and i size range 


ss PACER 


More life 
More speed 
More capacity 
More value 


Now you can have about three times 
more flow capacity-to-solenoid size 
than in most competitive valves. 
Needs just 7 watts of power yet mini- 
mum internal orifice size is full 

The PACER has short poppet travel, 
will cycle at better than 1000 cpm 
and meets JIC specifications. Light- 
weight, cast aluminum body means 
3-way weighs just 20 ounces, 4-way 
just 28. Dust tight, liquid tight, can 
be manually actuated, has captive 
cover, is inoperative with cover re- 
moved, has integral wiring space. 
Why not test a PACER in your own 
circuit, just $18 for a 3-way, $26 fora 
PACER 4-way. Call your Ross repre- 
sentative or write for Bulletin 319. 












































I<oss OPERATING VALVE COMPANY 


114 EAST GOLDEN GATE AVE. ¢ DETROIT 3, MICH. 
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FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


MATERI New elastomers—low-temp properties plus solvent resistance 
Boron nitride being readied for structural jobs 
Epoxy adhesive is stable at 392 F. 


MECHANICA New nozzle, burner designs—more heat at lower cost 
This shock absorber needs no seals or lubrication 
Governor detects speeds as low as Y2 rpm........... 


Exhaust air valve provides quick, complete venting. . 


ELECTRIC British offer new light-panels and indicators... 
NASA contracts for space electrical generator. . 
lon-membrane fuel cell uses solid electrolyte 
Miniature electrical switch costs one-third less. . 


PRODUCT DESIGN: Consumer products emphasized in Japan...... 


Evrope’s new cars feature compactness with comfort. . 


PROCESSES: An inventor's hard years—the story of vulcanized rubber 


Investment castings are getting new specifications. 


GENERAL: Those new subs—our cover story... ee 
Electra crashes being studied by aircraft industry... 
R&D spending still rising—6% more this year 


California passes anti-smog bill but contro! poses problems. 


PRODUCT ENGINEERING + MAY 2, 1960 








NOW...A Better Match 
for Temperature Control Requirements... 





Here’s the brand-new family of Fenwal 
Transistorized Temperature Control- 
lers that lets you order only what you 
need. In addition, you obtain func- 
tions previously unavailable in ther- 
mistor controllers. These additions to 
the “500 Line” permit precise match- 
ing of control instrument to appli- 
cation over a temperature range from 

50 to +600°F. 

Thermistor sensors and rugged, re- 
liable transistorized circuits assure 
long life and trouble-free operation . 
and eliminate lead wire problems 
Every instrument is easily installed . 
in the plant or on the machine. Pro- 
fessionally styled cases and wide choice 
of colors blend with the most modern 
surroundings. And, best of all, ad 
vanced Fenwal design and production 
methods keep costs reasonable! Here 
are three examples: 

The Model 536: reliable, single- 
point controller gives you these op- 
tions: ON-OFF or proportioning con- 
trol . . . set-point adjustment in the 
instrument or remotely located 
indication as well as control... ex- 
panded scales for fine temperature 
adjustment. And you pay only for the 
option you need. Capacity of 10 amp 
110 VAC and 5 amp at 230 VAC. 

The Model 561: single point indi 
cator-controller designed for panel 
mounting. Panel button permits meter 
display of temperature set point. Con- 
trol and indication circuits are inde 
pendent. Mirror-backed scale prevents 
parallax, tilted glass cover reduces re- 
flection. Option of either ON-OFF or 
proportioning control. 10 amp/110 
VAC relay capacity insensitive to 
voltage fluctuations 

The Model 580: multi-point 
cator permits “flick of a switch”’ 
cation of 2 to 10 temperatures 
trolled by up to ten Model 
trollers. 

These are just the high spots. For 
complete details or ni} versatile 
Fenwal family, send for bulletin 
MC-190, “Smarter Looking Smarter 
Acting Electronic Temperature Con- 
trols.” FENWAL INCORPORATED, 
24 Pleasant Street, Ashland, Mass. 


CONTROLS TEMPERATURE... PRECISELY 
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Those New Subs—Our Cover weather or previous charting. Wik 


sents fewer problems than the other two 
The Nautilus (see 


upon a very high degree of accuracy in this 
cover ), our first atom 


relates the exact position of electronic receiving ge: 


submarine, is 320 ft the end outside the sub to associated equipment insid 
long, displaces 3200 [his mast is centrifugally cast of a 19-10 stainless contain 
tons. She is a devel ing 24% moly for higher corrosion resistance. Sandusky 
opmental boat, now Foundry & Machine Co cast it in two pieces (one of them 


far surpassed by the 23 ft-plus, with the integral flange id Youngstown 
lighter and _ shorter 
Skipjack class (PI 

Oct 26, p 115), and 


first of the subs really 


Welding & Engrg did the circumferential weld. Concen 
tricity and straightness had to be held to 0.020 in. for th 
entire length of the cylinder, and end counterbores had 


only 0.005-in. tolerances. Surface finish was 16 rms on on 
“flown” under water [he newer boats are controlled 


even more like a plane than Nautilus is. Sargo is of 
the Skate class—the first quantity-produced nuclear sub 
It cruised 2744 miles under the Arctic ice pack in 
15 days, surfacing at the North Pole last Feb 9. In our ; 
cover picture Arthur Roshon, head of the High-Resolu Goodyear’s Hard Years 
tion Sonar Branch, Navy Research Labs, operates the ice Many men have 
berg detector, while Fred D. Parker, project leader on the been obsessed by a 
detector, looks on Both pictures are official USN single idea. Rarely 
photographs however, are they as 
[he third picture shows final polishing of a radio stubborn as Charles 


counterbore, 32 on the entire OD. Edo Corporation 
the contractor for this unit. serving General Dynamics 


prime contractor fot the submarine 


metric sextant mast for a not-yet-completed Polaris-typ« Goodyear was 

submarine. It is a hollow cylinder, flanged at one end, In the early 1830s 
34 ft 9 in. long, 18 in. OD, with 1 %-in. nominal wall thick- the rubber business in 
ness. Originally, three methods of locating the sub’s posi the US began to 
tion were contemplated—conventional star-sighting, radio boom. Small com 
metric “sighting,” and location by depth sounding. The panies were springing 


choice was radiometric sighting, which is independent of up in the East, caught 


=] =Tep) @) | aon & STANLEY J ALLING publisher 
4 ee ot ltl ELMER J TANGERMAN editor 





ROBERT W CARSON managing editor FREDERICK MARICH assistant editor McGraw-Hill News Bureaus 

RICHARD M KOFF assistant managing editor JOHN PRICE assistant editor JOHN WILHELM director 
FRANCIS E HALL assistant editor MARGARET RALSTON essistont 

ROBERT E ABBOTT senior associate editor BRUCE H FRISCH assistant editor 
ERMINIO A SCUTARI assistant editor 


GEORGE B BRYANT, JR Washington 
JOHN KOLB associate editor DONALD MecDONALD Detroit 
NICHOLAS CHIRONIS associcte edifor FELIX GIORDANO Detroit ARTHUR ZIMMERMAN Cleveland 
FORD PARK associate editor JACK MEYER Los Angeles aon ae ce 

“ - 2 an Francisco 
ROBERT PRENTISS associate editor SETH PAYNE Washington KEMP ANDERSON Los Angeles 
ANNESTA R GARDNER associate editor 5 RAY BLOOMBERG Secttle 
WILLIAM GILMAN ossociote editor RICHARD E ROOMAN ort director B E BARNES Atlanta 


FRANKLIN D YEAPLE ossocicte edifor E G LOADER associate art director MARVIN REID Dollos 


; ; NT TALL 
JOSEPH J KELLEHER ossociate editor ANGELA M GIACIN ossistont art director can te 
Wi iat if i 
DOUGLAS C GREENWOOD associate edifor NORMA J VAN NESS production supervisor ae 


BENEDICT A LEERBURGER, JR assistant editor LILUAN MA WITHAM assistant supervisor CURT AGREN Stockholm 


. S ERNEST CONINE Moscow 
PHYLLIS B SWEED assistant editor ROBERT E BRUCKNER consulting editor MORRIE HELITZER Bonn 
DORA K MERRIS assistont editor 


DEXTER KEEZER director, economics dept JIM MORRISON Bonn 
HERBERT KEE assistant editor SOL SANDERS Tokyo 


CHARLES J LYNCH assistont editor C C KANE reader service manoger JOHN YAMAGUCHI Tokyo 


PRODUCT ENGINEERING te published weekly — with GUARANTE 7 PRODUC 

an additional Design Digest Issue in Mid-September, by A McGRAW-HILL PUBLICATION ed ria ~ i 7 #4 nee —» ~ 
McGraw-Hill Publishing Company, Inc. James H. Mc 5 r casor subscribers may cancel 

Graw (1860-1948), founder. PUBLICATION OFFICE, “a, *. ' i ) request to our New Yor ce 

99-129 North Broadway Albany 1, NY. See Index to @ May 2, 1960 Vol. 31, No. 18 rope t 1 ptic 5 ¢ of any unmaliied copies 
Advertisers for directions regarding subscription or be 

change in address .. NGINEERING articles are indexed tn beth 
UNITED STATES subscription rates for individuals tn the ? pplied Sete € 1 Tect g I ex and the 
field of the publication, $53 per year, single copies 50 Executive, Editorial Circulation gineering Index rRroi CT ENGINEER } publishes 
cents; Canadian subscriptions $5 per year; foreign $25 ‘ oe? ‘ nnua de 

per year, payable in advance. Second-class postage paid and Advertising Offices: equest to the edit 

at Albany, NY, USA. © Copyright 1960 by McGraw-Hill POSTMASTER 


5 7 : Please send form 3579 to PRODUCT 
Publishing Company, Inc. All rights reserved 330 West 42nd St., New York 36, N.Y. ENGINEERING, 330 W 42nd St, New York 36, NY 


own sem Copies are obtainable eon 


PRODUCT ENGINEERING + MAY 2, 1960 





in an “‘India-rubber fever’ as it was called. After several 
summers, however, most products made from rubber 
turned to a smelly, molten mass of goo. The industry was 
doomed unless rubber life could be improved. At thi 


point, Goodyear, then a middle-aged hardware salesman 


mature. Several weeks later he discovered that a drop of 
anything acidic was enough to neutralize the quicklime in 
the magnesia and ruin the rubber. Maybe pure quicklime 
was the answer. Goodyear tried that, but it destroyed the 
gum completely 

Years drifted bv and Goodvear was still trying. Hi 
financial situation was desperate and at times he didn’t 
have the money to buy a meal. At one point he found 
that sulfuric acid, added to the crude gum, produced a 
rubber better than anything he had so far developed. Good 
year applied for a patent and began producing sheet rubber 
However, within two months he ran out of mone 

He moved in with his brother at Woburn, Mass and 
continued experimenting. It was here that Charles Good 
vear finally made the breakthrough which was to lead to 
vulcanization. He carelessly let a piece of acid-treated 
rubber come in contact with a hot stove, and found 
portion of the rubber “was perfectly cured 

Although he had found the answer to his five-year search, 
his problems were just beginning. It took another tw 
years of salesmanship to interest anyone in making rubber 


products again. Finally in 1841 he began to receive appli 
tepped into the picture. He thought of rubber as | ( cations for license In a short time he was able to mak 
that simply needed to be cured, and he honestly fe enough on royalties to pay all his debts ($35,000 worth 
could solve the problem in a matter of months But he never 
Goodyear really knew nothing about rubber or chemistr he miscalculated and agreed on too low a figure 

He approached the problem by trial-and-error. He first He lived to 
mixed crude rubber with turpentine, then salt pepper, ink different article 
witch hazel—and even cream cheese—all to no avail. He 


made as much in royalties as he should hay 


see his process turn out more than 
ing for more than $8 million a 

Vulcanization of rubber was essential to the growing 

tried mixing his crude gum with some magnesia he found trical industry it is being applied in fabrics 

in the medicine cabinet. With this he was able to produce well, see p 51.) WI he died in 1860, Goodyear was back 

rubber samples firmer and smoother than anything mad in a familiar 

previously Newspapers called him the man who would his genius to promoting his process, but with a fanaticism 


save the India-rubber industry. But they were a bit pr that wasn’t practi Benepicr A LEERBURGER JR 


000 in debt. Seems he had turned 


NEXT WEEK IN PRODUCT ENGINEERING 


Pneumatics Simulates Electronics 
Using a pneumatic thyratron as an example, this article presents a dimensional 
analysis of all the essential units needed in actual applications 


Aluminum Diecastings 


A new alloy and an improved process promise to give them wider applications 


Predicting the Wear Life of Rolling Surfaces 


These equations assist in computing life expectancy of gears, cams, bearings, 
clutches and links. 


Does Your New-product Idea Measure Up? 
This technique cuts the guesswork in making the “right” choice 


Finding Standard Deviation Faster 
Graphical method, using vectors, saves time and is as accurate as your plotting 


skill. 





Fiber Stress in Helical Springs 


Aids calculation of springs 1-in. to 30-in. mean coil diam with 1/16 in. to 4-in 
bar section. 
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This is one of the 


greatest card tricks 


you’ve ever seen 


- i? 
i > a 
5 ae 

oe i 
— 


This is how Flexible Tubing helps 


Univac’ designers bring it off 


In the Remington Rand Univac, Solid-State Computer, the 
high-speed reader reads 450 punched cards twice every min- 
ute, and compares the two readings on every card. 

Cards must be positioned exactly right in the feeder — and 
held there! Strong suction does the trick . . . strong suction 
provided through two lengths of Flexible Tubing Corpora- 
tion’s noncollapsing “Flexflyte.” A third length gives the high 
speed reader a rugged, vibration-free connection between the 
suction turbine and the distribution manifold. The great flexi- 
bility and toughness of “Flexflyte” permits it to stand up under 
the constant movement of the picker knife. 


Chances are you don’t design high-speed computers. But 
if you work on any kind of original equipment where the 
handling of air, liquids or light solids is a design problem, 


Flexible Tubing 


CORPORATION 
Guilford, Connecticut 
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there’s a Flexible Tubing product that can do the job! You 
can choose fabrics, coatings, diameters and sizes to fit your 
specifications. Flexible Tubing is now being used on a wide 
range of original equipment diesel engines, farm combines, 
industrial gluing machines, television transmitters, vacuum 
cleaners and many other products. 

*Univac is a reevistered trade-mark of the Sperry Rand Corporation 
——————————— ee 
Flexible Tubing Corp., 105 New Whitfield St., Guilford, Conn. 
Gentlemen: 


I'm designing a new product [] I'm redesigning an old one [_ 
One of my problems is the handling of air | 
solids [] 


liquids [_] light 
Could be Flexible Tubing can help me solve them 
I'll give you 10 minutes to show me, to prove it. Phone for appoint 
ment [_] No problems right now. Send me literature for my files 


COMPANY 
ADDRESS 


cITY STATE 
Bee ce oe oe oe oe oe oe oe ee ee ee ee 


j 
i 
i 
i 
i 
NAME i 
i 
i 
i 
i 
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British offer new light-panels and indicators 
Electroluminescent lighting devices of both the “organi ind 
developed by Thorn Electric Industries of Middlesex, England 


with tin compounds it 


n ramic types 


[he organiclielectric lamps are glass-base panels, treated 
that 


high temperature to produce a transparent but electrically conductive surface tha 


forms one electrode of the unit. On top of this 
layer about 0.0005 in. thick; and superposed on it a thin layer of high-dielectnc plasti 


1 phosphor-containing hard plastic 


\ back-electrode, made of a semiconductor with “self-healing” electrical properti 


completes the assembly 

I'he ceramic units are metal-based, with the ceramic serving er for the pho 
phor. In other respects, they are similar to the ones described above 

First commercial units will be green in color with a maximum brightn it 23 
50 cps) of about 3 ft-lamberts. Current consumption at that k is about | 
imps per sq in. Life expectancy is in the 40,000 hr range 

Note: For information on how such panels may be used, a1 


in this field, see PE—Sep 15 ’58, p 74. 


id on US developments 


New nozzle and burner designs—more heat at lower cost 


A constant-flow nozzle insensitive to ‘' ity d tempera 


period 


; 


ing fuel at the same rate throughou 
A burner that “recycles” flame 
Another burner that has no mo 
heating oil . 
[hese are among the new de 
fuel oil into heat. The nozzle is alrea 
below) are still in the R & D stage 
One burner (left, below) consist 
rotary air pump, a perforated flame tul 
ind then ignited as the mixture spray 
by bending the flame into a “ring of fi 
The new design, says Gulf, achie' 
more thorough mixing of air and 
ispirated nozzle is relatively larget 
clog or become caked. Furthermore, it is adaptabk 
heaters, air conditioners, and home incinerator 
I'he other new burner is basically simila 
; used as the carrier. Eventually, Gulf belie 


the nozzle by using an electrostatic field to atomize the oil 


AIR-ASPIRATED BURNER has STEAM GENERATOR replaces air pump in this new 
perforated tube that “recycles” burner design. It has no moving parts, should re 
flame for better combustion. quire minimum maintenance 
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Rollpin won't mushroom or telescope 


There are no installation or removal prob- 
lems with Rollpins. Because of their column 
strength they can be readily driven with a 
hammer, removed with a punch without 
bending or collapsing. Of course production 
line tooling such as an arbor press, a pneu- 
matic hammer . . . even a hand riveter. . . 
is ideal for Rollpin insertion. 


Rollpin won't damage or enlarge hole 


With smoothly chamfered ends providing 
an easy lead-in, Rollpin is compressed into 
complete conformity with the shape of the 
hole. The exclusive, v-shaped, coped corner 
design eliminates possibility of damage to 
the hole walls. They prevent any possible 
scoring action as the pin is driven and in- 
sures uniform insertion and removal char 
acteristics. The benefit to you: the same pin 
can be reused in the same hole 


Rolipin exerts EVEN pressure 


In some fasteners, only a portion of the fas- 
tener shaft does the actual holding. Rollpin 
however, exerts a uniform pressure around 
the entire inside surface of the hole—giving 
you maximum holding power and superior 
resistance to vibration. 

Split tubular construction assures uni- 
formity of heat treatment that is difficult to 
obtain with spiral types of pins; there is an 
even plating “throw” inside the pin as well 
as outside for superior corrosion protection. 


ONE TYPE of Rolipin does EVERY TYPE of job 


Versatile Rollpins will replace at least 12 


different types of fasteners. Every Rollpin 
can be hopper-fed, can be installed with a 
single operation. They are available, from 
stock, in a wide range of lengths and in 
diameters from 1/16” to 1/2”. Manufac- 
tured from carbon or corrosion resistant 
steels and beryllium copper. 


yey Dept. R59-545, Elastic Stop Nut | Name 


Corporation of America 
2330 Vauxhall Road | Tithe 
Union, New Jersey 


Please send me ROLLPIN 


ELASTIC STOP NUT somples 


Please send me ROLLPIN 


CORPORATION OF AMERICA bulletin | Zone__ State 
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' DEVELOPMENTS TO WATCH... 





New elastomers combine good low-temp properties with solvent resistance 


Complex fluorine copolymers that are elastomeric at high molecular weights, are non 
flammable, and offer “a unique combination of good solvent and chemical resistance 
along with serviceability at low temperature,” are being developed by the OMC R & E 
Command, and Minnesota Mining. 

These are materials containing no hydrogen, and having an entirely new type of 
molecular structure, with an N-O-C-C backbone. Furthermore, say J. C. Montermoso 
of OMC and G. H. Crawford and D. E. Rice of Minnesota Mining in a report 
prepared for the American Chemical Society, the basic structure of these fluorocarbon 
nitroso rubbers can be modified to provide a wide range of polymers that differ consider 
ably in their physical properties 


Boron nitride being readied for structural jobs 


As a structural material, boron nitride looks like an exceller 

problems of heat and corrosion in pumps handling liquid metals, 

and nuclear reactor components, say I. M. Sleptsov and G Samsonov 
Ukranian Academy of Science They believe the material will also prove to be 
base for high-temperature lubricants, and for coating automatic welding electrodes 
applic itions under study in the USSR range from semiconduc 
» insulation for HF vacuum induction furnace Chis nitrid tlarly good f 


Other boron nitride 


itter, the Ukranians claim, because it is not heated bi 


Investment castings are getting new specifications 


Improvements in alloying additions and investment 
stainless have made it possible to revise specification 
Alloys and Armco Steel 

Minimum elongation n be doubled 
16% range 


WaiMet and Armco are readying modificati 


on changes in chemistry and aging temperatures 


This shock absorber needs no seals or lubrication 


A shock absorber that uses a 
nylon fiber coil as the primary 
operating mechanism, and can 
be made in a wide range of sizes 
for a wide variety of loads 
has been developed by Nor- 
throp Div of Northrop Ai 
craft Inc 


Ihe device consists of a 


CONE-IN-COIL SHOCK ABSORBER is simple in 


spindle, cylindrical at the ends qesign, can be used for earthmoving equipment, truck 


] 


ind conical n the center, and rail shock mounts. instrument assemblies 


round which the nylon fiber 
is wound in coil form. When force is applied, drawing the e into the coil, the 
expands, putting a tensile stress on its filaments 

Since this stress is dependent on degree of taper of the spindle, cross-sectional 
distnibution of the fiber, and friction between coil and spindle, an almost infinitely 
variable series of shock absorbers can be designed. Furthermore, savs Northrop, 
operating range is —65 to 350 F or more, no seals are necessary, and there should 
be no maintenance requirements other than a cursory check for external damage 


ARG 
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Ceramics tested for 


rolling-element bearings 
Crystallized glass 
have the 
eel balls, and their fatigue life in 
the 700-] 


might be expected; but 


ceramics don’t 


load-carrying capacity of 
range is not as high a 
savs NASA 
Lewis Research Center, they may well 
prove useful in low-load, short-dura 
where an 


ipplic ition operating 


perature above the limit of steel i 
paramount design consideration 
Summarizing tests of 4-in. Pyro 
ram bearing balls in a 5-ball fatigue 


ster c. 2 Carter and | V. Zaret 


of Lewis sa\ 


e The room-temperature load-carry- 
ing capacity of the ceramic is approxi 
mately one-fifteenth that of M-1 tool 
steel balls 

e latigue life of the ceramic varies 
inversely with approximately the 11th 
to 13th power of contact stress. (Steel 
normally has an inverse 9th to 10th 
power relation 

e@ Degree of structural homogeneit 
may be an important factor in life of 
crvstallized-glass ceramic-bearing mate 

ind differences in life between 
imens nominally differing only as 
finish indicate that finishing meth 
may also have an important effect 

n fatigue life of the cerami 

e Type of lubricant appears to ha 

genihicant effect on rolling-contact 

gue lift For instance pett lif 


byt 


ined with parafiinic mineral o 


New concept simplifies 
that puzzling p 


Ch strange-looking \ 
icidity pH, which has the distr 
characteristic of going down when it 
should gO up can be more Ca 


understood and applied, suggests F’. I 
Crane Jr of Rutgers U, through use of 
a concept he calls “cH” 

The trouble with pH, is that it was 


defined as the negative logarithm of 
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the hydrogen-ion concentration, so 
that when the concentration is greater 
than 1, pH is a negative number. Why 
not, he suggests, take a positive ap 
proach?—do it with a new concept, 
cH, defined as equal to the log of the 
hvydrogen-ion concentration plu l¢ 
the atomic weight of oxygen, and the 
basis of the chemical atomic-weight 
scale). This way, there is a direct ré 
lationship between the index and th 
index 
ilkalinity is high. 


least. such a concept 


hydrogen-ion content, and the 
is positive unless 

At the very 
would be most helpful in teaching 


savs Crane because cH l( pH 


Aluminum-powder products 
are good—but 

Aluminum parts made by powder 
metallurgy are indeed stronger at el 
vated temperatures than conventional 
But they are not quit 
as strong as previous reports would 
indicate, says W. H. Friske of Atomics 
International 

\ series of tests made under AF( 
sponsorship indicates APM ilumi 
metallurgy or SAP 


sintered aluminum powder) parts are 


wrought alloys 


num powder 
strengthened by the aluminum oxide 
dispersions they contain, but tensil 
properties at 800, 900, and 1000 I 
me 10 lower than 

ilues: 6900 to 11,000 

pared with 7500 t 12 

upture strength 
10 to 20 1O 


caices till I 


However, at 

illoys (M257 

ductility than expected. An interi 
NAA-SR-42 
has been prepared and for $1 i 
ible through OTS Dept r ( 
merce, Washington 25, D( 


report on the studies 


briefs 


Flash X-ray studies of mot 
rators and bearings at motion pi 


t xamuinati 


peeds, and stroboscopi 
ealed unit wil 


Zenith Radi Cory 


vith developed hot-cath 


of hermetically 


pt ssible 


tubs It’s still in the prototype tas 


but sounds like a valuable aid 


A rate equation for oxidation « 


that form volatile oxides 


denum, tungsten, tantalum, 
bium) has been developed by 
Modisette ind D R Schrver 
NASA’s Langley Research Center 


they point out, because these 


vaporize below the melting pou 


tals, they pI wide littl prot 


re me 
tion. The rate of oxidation, then, is a 
function of the concentration of ox 
gen in the gas at the surface and the 


liffusion ft tr auantitic if . 


to the surface on molybdenum 
it temperature 2000 to 3000-1 


range show ,00 ivreement 


ucs 


n N 
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Ltd of London 

ing this attra 
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cTystal struc 

plane simply 

ete! Variable 

rotation and reciprocatio 
cimen holder, and a mo 
be provided to operate 
ibout 


ring. Price is 


MULTIPLANE X-RAY 





versatile, relatively low in cost 


New aid for crystal studies 


For metallurgica in I ta 


DIFF RAC- 
TOMETER, designed in England 












































ORCO IDEA PARTS 
engineered to weather tough service 


OHIO RUBBER IS THE tegrated design, research and practical synthetic rubber, sil 


licone rubber 


GOOD SOURCE FOR THE ingenuity is focused on your part to polyurethane, or flexible vinyl define 


improve quality, to cut production The Ohio Rubber Company as the 
costs. industry standard of single source 


ELECTRICAL INDUSTRY 


ORCO COMPONENTS have been ORCO CAPACITY suarantees yout control and responsibility—of prod- 
serving the electrical industry for part to be made right—and on ““* excellence. 

over 50 years. Specially formulated schedule! The modern facilities of YOURS 90 
via ORCO “Customeering”, each four major plants assure uniformity, FOR THE ASKING! 


. . < Send for ORCO BI N 
part is designed to its job—formu- quality, delivery. Over 50 years ex- an RCO! a 
. - - - tor compicte ( 


lated to resist ozone, weathering, perience in custom-crafting electrical  «CusTOMEERING CUSTOMEERING 
flexing or other unique hazards. And industry OEM components of rubber, STORY 
all supplied on a regular production 


basis at OHIO RUBBER. 
onco customeerino® socs to Qf HAE DHIO Russer Company 
work for you right away; the minute ° 


part specifications are scanned. The N re. General Offices WW/LLOUGHNB ve OHIO «we 
full scope of OHIO RUBBER’s in- 


Jemark Rubber pany EM-1é 


A DIVISION OF THE EAGLE PICHER COMPANY b6bitnen 
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NOW Link-Belt 


a 


Double reduction 


reduce drive costs by matching 
drive size to horsepower 
requirements with 35% more sizes 


New design—Herringbone or double helical gears arranged 


in new “balanced” design permit high horsepower, high ratio 


reduction in a sturdy, compact housing. 


New sizes—Now 18 sizes each of double and triple reduction 


units; 17 single. Drive selections closely match hp require- 


Avail- 


ments, with a corresponding reduction in drive costs. 


able to 2800 hp, ratios to 292:1. 


VC dne .*) 


New rus Rigid, 


rately and permanently aligned even under grueling operating 


ribbed housing keeps parts accu- 


conditions involving heavy shock loads, and temporary over- 


loads 


For complete information call your nearby Link-Belt dis- 
Ask for Book 2719 


trict sales office 
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parallel shaft speed reducers offer 


ey - ane 


~~. Single reduction 


Triple reduction 








OUTSTANDING FEATURES 


Grease 
Positive 
tion supplies 
of oil to all moving 
High-capacity 
bearings for maxi 
mum loading 


roller 


Gears of hardened, pre 
alloy steel. Double 


cmon 
helic al 
design 


(We 


lubricated seals e New, built-in ba 
spl ish lubrica . 

imple flow 

parts 

spher cal ait at eat 

ntermedi 


or herringbone 








LINK{@}BELT 


SPEED REDUCERS 


LINK-BELT COMPANY 


Executive 


To Serve 


Industry 


There Are 


Offices 
Link-Belt 


Prudential 


Plants 


W are 


Sales Offices 
Export Office 


and Stock Carrying Distributors in All 


New York 


Australia 


Marrickville 


Sao Paulo 


Canada, 


Scarborc 


Toronto 13); Sout 


Representatis 


Throughout the Wor 
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FROM WASHINGTON ... 


NSF verifies R & D spending spurt 


Ihe National Science Foundation’s voluminous and detailed report, “Science and 
Engineering in American Industry, 1956,” has just been released \ comparison 
of this report with a similar study by the foundation for 1953, yields a striking 
picture of the growing volume of work being done in US industrial labs. Here 
are some of the salient findings 

¢ Cost of R & D conducted by manufacturing and other industries rose from 
$3.5 billion in 1953 to $6.2 billion in 1956. (A McGraw-Hill survey, reported on 
page 17, indicates that industrial R & D will hit $9.6 billion this year Ihe 
federal government was primarily responsible for this trend. During the interval, 
federal contracts for R & D in industrial labs rose 126%, reaching $3 billion in 1956 
In the same period company-financed research climbed 45%, to slightly more than 
$3.2 billion. 

¢ To carry out this research, industry employed 223,000 scientists and engineers 
and 396,000 other persons. [ngincers accounted for 151,000, or about two-thirds 
of the professional persons working on R & D projects. ‘This represents a gain of 
about 45% over the 1953 survey 

¢ The foundation also learned that basic and applied projects accounted for 
about a quarter of the industrial R & D conducted in 1956. Cost of basic research 
was $244 million (4% of the total); cost of applied research projects amounted 
to $1.2 billion. Development activities accounted for the remaining $4.8 billion 

The survey, which also contains fairly detailed figures on R & D done in various 
industries and in companies of various sizes, the cost of R & D per technical man, 
and data for commercial labs and trade associations, is available through the US 
Government Printing Office, Washington 25, for 70¢ 


NASA contracts for space electrical generator 


A 700-lb, sun-powered electrical generator, designed to produce 3000 watts of 
electrical power, is under development for the National Aeronautics and Space 
Administration. Designed to fit the nosecone of a Centaur or Saturn rocket, the 
hompson Ramo Wooldridge ‘Tapco Group design is expected to last for one yeat 
As now conceived, the generator, known as Sunflower I, will include ‘a petal- 
type solar collector that will unfold in space to a diameter of 32 ft. ‘The collector 
will concentrate sun’s heat on a boiler containing liquid mercur (he resulting 
mercury vapor will drive a turbine that generates electricit 
densed and reused. ‘The device will also include a heat-energ 


permit power output when the craft is in the earth’s shadow 


NSPE requests amendment to labor act 


iona I isking the Labo 


aducatiol 


Standards Subcommittee of the Hou 


sider amending the Fair Labor Standard 


ind DOI mmiuttee to con 


l‘he 52,000-member National Society of Prof 
] 


Act hey wv ri ime recognition 
for professional engineers that is granted doctors and la 


Doctors and lawyers are placed in the professional-employee group by virtue of 


1 
hour law requires licensed engineers to pass a ilary te 


professional, an engineer must be earning $95 per weel 


i 


their license. Professional engineers are not. ‘The Administ 


The Administrator has declined to accept a professional license as he does a 
doctor’s or lawyer’s license. Hence, the engineering society feels that “since ever 
state legislature and the Congress have declared the professional status of licensed 
engineers” there is no justification or warrant for the Administrator to ignore that 
fact when requiring the salary test of licensed PI 
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Earthmoving muscles 


from tubes of steel 


A construction site springs to life as earthmoving equip- 
ment tugs, scoops, heaves and rips away at the earth's 
skin. It's grueling work! 

That burly dozer. It's precision built! It’s strong! Its 
massive blade can tear the side out of a hill. Yet, it's 
nimble, too. In spite of a crab-like figure, it can stop 
with a jolt, back off, spin, dig in and charge with the force 
of a galloping rhinoceros. 


Power is jammed into these machines. That's why 

they're built with the toughest, most durable materials 

in the world. For years, leading manufacturers have 

chosen USS National Seamless Mechanical Steel Tubing 

for hydraulic cylinders, tractor pins, bushings and more 

than 100 other vital parts in earthmoving, rockmoving, 

grading and all types of heavy mobile equipment. Why? 

Because National Seamless Tubing is ideal for the fabri- 

cation of machine parts subject to bruising performance 

and long wear. National Tube 
USS National Seamless Mechanical Steel Tubing is Division of 

another product from the world’s largest manufacturer United States Steel 

of tubular materials. For more than 80 years, National 


Columbia-Geneva Stee! Division, San Francisco, Pacific Coast Distributors 
United States Steel Supply Division 

applications. For more information, write te National United States Stee! Export Company, New York 

Tube Division, United States Steel, 525 William Penn 


Place, Pittsburgh 30, Pa. 


Tube has been foremost in building and industrial pipe 


USS and National are registered trademarks 
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“...-NEW MANUAL 
EXPANDS INFORMATION ON 


MINIATURE & INSTRUMENT 
BALL BEARINGS..." 


By GEORGE HAMPSON, Vice President-Sales, 
New Hampshire Ball Bearings, Inc. 


“.., this ‘Design & Purchasing Manual’ replaces the first- 
of-its-kind ‘Technical Data and Catalog’ book NEW 
HAMPSHIRE published in 1957. As the ‘Technical Data’ 
(black cover) was then, we believe the ‘Manual’ (green 
cover) is now, the most complete source of information on 
miniature and instrument bal] bearings in print. About 50 
pages larger than the old book, the ‘Manual’ was expanded 
that much to include information developed since 1957 on 
ordering, maintaining, fitting, lubricating and testing mini- 
ature bearings.” 


QUALITY — AND ASSURANCE 


“The significance of ABEC Class 7 tolerances to running 
quality of instrument bearings is covered in one section with 
a brief, to-the-point explanation of how improved bearing 
geometry helps the design and quality control engineer. A 
pictures-and-words story describes NEW HAMPSHIRE’s 
Quality Assurance by which this high standard for mini- 
ature bearings is maintained in production, The equipment 
used, and how used, is fully described. Testing geometry 
and finish, cleaning and lubricating, functional testing of 
bearings, and metal research are some of the subjects 
covered.” 


RETAmaEn 2 
" Sea — 
"INGOs . &x72x0<4_ ...... 
a”) Of man moe 


EASY-TO-READ TABULATIONS 


“An even easier-to-read tabulation form is used to list NEW 
HAMPSHIRE Bearings in Bore/OD/Width sequence for 
quick identification and selection when ordering or writing 
specifications. Three hundred seventy bearings are so listed, 
including NEW HAMPSHIRE wafers, the narrowest 
shielded retainer bearings possible for given Bore/OD com- 
binations, and developed especially for manufacturers of 
synchros, servos, small motors, potentiometers, miniature 
gear trains, and other products where space-for-bearings 
is a problem.” 
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HAMPSHIRE 


DESIGN 


MANUAL 


BEARING NUMBERS EXPLAINED 


“The ‘Design & Purchasing Manual’ includes a section on 
Designation, Packaging and Marking in which NEW 
HAMPSHIRE Bearing number symbols are explained, 
methods of packaging available from NEW HAMPSHIRE 
are described, and materials identification codes listed. 
Study of this section can work savings of money and time 
by minimizing the necessity of returning mistake-ordered 
bearings. In addition, simple HOW TO ORDER instructions 
are included on every page of bearing tabulations. 

A Table of Weights is provided to assist those responsible 
for systems design and planning to compute weights of 
the NEW HAMPSHIRE Bearings specified and included.” 


ENGINEERING BULLETINS EXPANDED 


“The Engineering Bulletins have been expanded and brought 
up-to-date to inform designers, engineers and quality control 
personnel of the latest developments related to Lubrication, 
Load Ratings, Fits, Speed, and other factors affecting pe 
formance and life of instrument bearings. There are now 22 
Bulletins on as many subjects, including the two most re- 
cently developed, Duplex Bearings, and Bearing Roundness 
—one hundred seventeen pages of technical information on 
miniature and instrument ball bearings compiled and writ- 
ten by Bearing Engineers.” 


REGISTERED COPIES AVAILABLE 


“The ‘Design & Purchasing Manual’ should be in the library 

of every designer, draftsman and buyer specifying or pur- 
chasing miniature and instrument ball bear- 
ings. Each copy is registered to its recipient. 
Your name and title sent to us on your 
company letterhead will bring your copy to 
you by return mail.” 


NEw 
BALL BEARINGS, INC. 


PETERBOROUGH, N.H. 
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Lockheed, FAA, CAB, Others Seek Cause of Electra Crashes 


Los ANGELES—One of the most thor 
ough engineering investigations in the 
history of the aircraft industry is being 
conducted to find out whether some 
mechanical or structural failure has 
contributed to each of the two recent 
crashes involving a Lockheed Electra 
Although more extensive than past in 
vestigations—this one even has the 
Weather Bureau studying the myster 
ies of invisible turbulence at high alti 
tudes—it is probably no more intensive 
than other investigations of the 
piston-driven Lockheed Constellation, 
Douglas DC4 and DC-4 airliners, or 
the 707 jet (PI Aug 17 

Federal Aviation Agency 
Electra, struc 
exceeds FAA 
But, 


1 spokesman for the agency conceded, 


rue, the 
emphasizes that the 
turally and mechanically, 
quirements by ample margins 
not tx 


present requirements mia\ 


enough. 


tough 


WHAT'S BEEN DONE 


On March 22, five days after the 
ell City, Ind crash of a Northwest 
Airlines Electra, Elwood R. Quesada, 
AA 
meeting of Lockheed and Allison per 


sonnnel, plus representatives of all air- 


idministrator, called a special 


lines using the turboprop aircraft. He 
felt there were enough similarities be 
tween the two accidents (with the 
of the Braniff crash at Buffalo, 
lex, still undetermined) to indicate 
possible 


mon cause. The 


Cause 


mechanical failure as a com 
scattering of wreck 
ge over a distance of several miles in 
beth cases gave some credence to one 
theory that 


the sudden jolt tore off a wing. The 


a propeller reversed and 


left wing came off early in the disin 
tegration of the Electra in Texas, and 
the right wing off the plane that 
crashed in Indiana. 

Industry generally feels the two ac 
cidents are dissimilar enough to make 
1 common cause unlikely. Investiga 
ion seems to indicate that a propel 
er reversal did not occur in the Texas 
crash; that the high-altitude air turbu 
lence in the area of the Indiana crash 
was not duplicated at the time of the 
lexas crash 
all at the 


However, meeting went 
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ilong with Quesada on his decision to 
take a thorough second look at the 
Electra and with the drastic operating 
limitations that ordered. Air 
craft speed is presently restricted to 
knots maxi 


were 


225 knots average, 245 
mum, and FAA noted that the lower 
speed would permit a rapid slowdown 
to safe “rough air” penetration speed 
if turbulence was encountered 

In addition, FAA ordered all auto 
pilots deactivated until checked for 
conformance to the latest Lockheed 
service bulletins. FAA emphasized that 
this is being done because the auto- 
pilot is a component that can be 
isolated from the rest of the plane for 
separate investigation, and not be 


cause of any jutopilot 


indication of 
malfunction 

Chere will be additional inspections 
of all “suspect areas” of all Electras 
in service; particularly after hard land 
ings or rough flights 

Lockheed has agreed to undertake 
1 complete reevaluation of the planc 


Most of this, savs FAA, goes far be 


vond existing regulations 


MONEY NO OBJECT 


rather than money is the 
critical factor in the programs now 
underway by Lockheed, FAA, NASA, 
Northwest, and the CAB 

Lockheed’s program is the most ex- 
tensive of the group and involves 


e Complete flight testing of com 


lime 


plane with extra 


iccelerometers, strain gages, and other 


pany-owned _ test 


instruments for structural measure- 


ind maneuvering 
j 


ments during level 


flights [his also includes additiona 


gust and maneuver esting h 


should reconfir 

gn information 

gine testing has already turne 
up one problem that has been n 


High | 


been reduced 


mized by a design change 


peller stresses have 
increasing the engine nacelle ang 
The FAA reports that 
to the 


} i source of trouble 


engines, props 


checking vibration in this are 
of a general review. | 

ind props are the biggest 

1 commercial airliner 
1200 1 


14,000 rpm engine speed might 


ind low pt 


ler speed ym—combined 


I 
in unknown vibration factor 

e Autopilots and control systen 
to be completely evaluated witl 


induced-failure te 


ries of new 
multiple-failure experiments 
© Complete 


struction of the 


tructural test 
wing and na 
planned as a final 
FAA says, 

of the 

tures, but we are leaving no stone 
Che Electra, like other trat 


igned with “fail-safe 


ste p in the prog 
Chere is virtually n 
basic strength of the 
turned.” 
ports, is de 
lations. Thi ires that the 
ture be 

design load after on 
tructures has failed 
\ wing, for exam 
failure 


1 main sp 


il 
ble becau 


1S pt Tmiss 


distributed through 
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structural members, but it must 
the With 


the Electra, wing sections are capable 


load with 


( und 
support ¢ of design load 
of supporting the full design 
a main element lost, and ¢ of load 
with main elements lost. FAA 
had foreseen the possibility of prob- 
lems due to high-speed flight; it had 
recommended and the manufacturer 
had used an ultra-conservative struc- 


the 


two 


tural design approach. 

Northwest Airlines has turned over 
to Lockheed the sister ship of the one 
lost in the Tell City crash for a com- 
plete tear-down inspection. 

NASA is reviewing load distribu- 
tion of the Electra, and tests to obtain 
more complete data on effects of 
gusts and turbulence will probably be 
made in one of NASA’s wind tunnels 

CAB, 


meanwhile, has recovered 


most of the pieces of the Braniff plane 
for reconstruction and investigation 
At Tell City, they were less fortunate, 
as most of the fuselage and tail sec 
tion were buried and fused together in 
the pit dug by the impact. A point of 
noted: fuselage of 


similarity already 


both planes remained relatively intact 
after separation from the wings 
Weather Bureau is 
efforts to 
; 


According to a bureau spokesman, th 


increasing it 


study clear-air turbulence 
general conditions under which cleat 


ir turbulence occurs are known, but 
some way must be found to pinpoint 
ind to pass this 


such turbulent area 


information along to pilots. 


WHY AN ELECTRA PROBLEM? 


Electra should run int 


that militar 


That the 


problems turboprory 


lon-membrane Fuel Cell Uses Solid Electrolyte 


Mass. —A_ fuel cell 
source that can be mass-produced and 
in off-the-shelf 
item is being delivered bi 
Electric’s Aircraft Accessory Turbin« 
Dept to the Navy’s Bureau of Ships 
and the Army Signal Corps. ‘The 30 
lb unit will supply power for portable 


| YNN, power 
I 


mav become military 


Genera! 


radar sets. It can produce 200 watt 
of 24-v dc for 14 hr, and is considered 


1 replacement for 55-lb engine gener 


sf 


LAA 


HANGE MEMBRANE 


SK 
SSN 


RARER XK 


; 
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rN 
—— 
s 


PAOdAOoAAY 


HYDROGEN IN 


; 


y 
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ee 
MPO Oy 


Ls 


\ 





SSS 





FUEL CELL OPERATION is based on release of hydrogen 
by decomposition of metal hydride in contact with one side 
air contacts other side 


of plastic sheet; oxygen in 


gen breaks into electrons and positively charged hydrogen 


itors or 80-lb 
If operated 
periods of time 
additional increm<¢ 
ample, to provide 
mote site for one 
fuel would be need 
to transporting ilmo 
freshly batt 
Heart of the unit 
fuel 


ch irg¢ d 


ion-membran¢ 


AMF ’ 


OXYGEN IN 


Hydro 


fuel for 14-hr 


one man. Operating unit 
placeable canister inside perforated guard at top to produce 


unattended Quick-disconnect 


planes haven’t met seems unlikely un- 
til utilization is the 
174 Electras ordered by commercial 
iirlines, 137 have been delivered and 


round-the-clock 
routes 


considered. Of 


put into immediate, 


service on heavily traveled 
Rate of 
only a 


] 
1IThne! 


military 
that 


utilization of 
fraction of 


For example, while there is n 


f direct comparison, FAA points 


that the amount of performanc 


] 


naintenance information 


Boeing’s 707 far exceeds what 


KC-135 
to have prol 


known about the 

Electras were bound 
ems and are likely to encounter minor 
new ones because the plane 
ulted 


hort-run capabilities have r 


ts being subjected to more tal 


outs, and landings 


Research 

1 l-in.-sq 
Consuming 
ir and hydroger 
mposiiion f 
in individual 


has no moving pal 
bient temperature and 
no complex nti 


| ] 
1 solid electrolvt 


SUITCASE-SIZE fuel cell powerpack is easily handled t 


(shown here in mockup) has r 


operation 


and 


ivailabk } 


1) 
s excelent 


ry 


ions. Electrons travel from one electrode to other; hydrogen 


ions move through membrane to combine with oxygen 


16 


new canister as fuel 


cell stack 


connection of 
fuel 


rapid 
is cut 


permit 
Casing 


fittings 


is used to show 
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R&D Spending Still Rising—6% More This Year 


New Yorx—American industry plans 
to do $9.6 billion worth of R & D 
work this year—6% more than last 
year. And it expects to raise commit 
ments to $10.7 billion by 1963 
hese figures represent research that 
will be carried out in industrial labs, 
some of it financed by government 
Although the volume of funds allo 
cated to research is not increasing as 
rapidly now as a few years ago (it rosé 
11% between 1958 and 1959), tech 
nology is still growing industr 
These are key findings of the 13th 
Annual Survey of Business Plans for 
New Plant and Equipment just 
leased by the McGraw-Hill Depart 
ment of Economics 

he trend toward more R & D, th 
survey finds, is universal in all indu 
tries—except aircraft. Manufactur 

missiles, aircraft and parts, whos 
R & D is heavily supported by gov 
ernment, have apparently reached a 
plateau. In past vears, R & D in this 
industry has shown one of the highest 
rates of growth. But, if survey results 
are borne out in practice, aircraft 
R & D may be of slightly diminishing 
importance in the future. Last vean 
iircraft manufacturers accounted for 
36% of all R & D: this vear, they will 


probably account for 34 
1963, possibly only 30 
It seems likely that th 
ward more industrial R & D will con 
tinue—at least as long as _ research 
offers the prospect of new products 
query on how they determin 
level of their research budgets 
nearly half of all companies reported 
that their new-product plans are a di 
termining factor For details gained 
from the survey, see the accompany 
ing tables.) This suggests that, in 
many companies, R & D is geared to 
the longer range potentials of engi 
neering, and is relatively independent 
of temporary business fluctuations 
such as sales and profits. This is espe 
cially true in the transportation 
equipment industry and some metal 
working fields such as autos and 
machinery 
I'he companies expect their new 
product development programs to 
have considerable impact on company 
sales in the next few years. For manu 
facturing as a whole, 12% of the 1963 
sales are expected in products “not 
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made in 1959 or sufficiently changed for the present and th 


to be reasonably considered as new mediately ahead 


M iT) 


»xroducts.”” Especially vigorous product believe capital spending 
- | | | 


development is now foreseen in the the most important 


naicat 


metalworking industries: transporta ness prospects. When 


tion equipment including aircraft, building plant im 


ships, railroads, etc.), electrical ma heavy basic industri 


chinery and machinery busy and offering 


opportunities, Th 
IMPACT ON CAPITAL SPENDING 


\ prime purpose of the McGraw will invest $] 


Hill survey is to determine the capital ind equipment 


investment plans of American business 


R & D Expenditures Continue Up 


(Million of Dollars) 


Industry Spent in 
1959 


Primary metals 138 
Machinery 678 
Electrical equipment 1607 
Aircraft and parts 3250 
Fabricated metals & ordnance 223 
Prof & sci instruments 382 
Chemicals 661 
Paper products 63 
Rubber products ‘ 89 
Stone, clay & glass 73 
Petroleum products 300 
Food & kindred products 97 
Textiles & apparel 34 
Other manufacturing * 1055 
ALL MANUFACTURING 8656 
Nonmanufacturing 370 
ALL INDUSTRIES 9027 


ow 02 Oo 


OoOeROON NO WEA SO 


oO 


* includes autos, tobacco, lumber and wood products, furniture, printing and publishing, trans porta 


found that manufa 


mi pani 


upmenft, 


lanned for 


413 
714 
76 
95 
83 
315 
110 
35 
1066 
9139 
415 
9554 


iw 


d 


a-—-UuUnN WON OO 


tion equipment other than aircraft and autos, and miscellaneous manufacturing industries 


New Product Plans Stimulate R & D in Most Firms 


Number of Companies, in %, and Factors 
Affecting Their R & D Spending 


Industry Current Capital Current 
Profits Investment Sales 
Plans 


lron & steel 

Nonferrous metals 
Machinery 

Electrical machinery 
Autos... 

Transportation equipment 
Other metalworking 
Chemicals 

Paper & pulp 

Rubber. . 

Stone, clay & gloss 
Petroleum & coal products 
Food & beverages 
Textiles ; 
Miscellaneous mfg. . 

ALL MANUFACTURING 


oo 


NoOoewwodndcdcoses © 


Plans 


for New 


Products 


269 


44 
55 
43 
57 
72 
47 
42 
50 
58 
28 
50 
52 
49 
38 
48 


; 


} 





Today, in hundreds of products, 


“Delrin” acetal resin is being used 


where die-cast zinc and aluminum, 
Re ee cast and machined brass, stain- 
a ks ‘ less steel and cast iron were once 
? considered “‘standard’* For good 
: reasons, too: in “‘Delrin’’, these 
products work better, cost less to 
make, or both. On the opposite 
page, you'll find three typical ex- 
amples. 
The performance advantages 
offered by “‘Delrin’”’ are based on 
its unique combination of proper- 


ties that frequently permits parts 
reductions through design of multi- 
function parts. “Delrin” has the 
stiffness to remain rigid in large 
sections, the tensile and flexural 
strength to withstand high-stress 
loadings, the dimensional stability 
to hold close tolerances and the 
frictional properties to operate 
; ; eee Ps usually without lubrication. And 
Ud Hew ¢ ng ILCEL Wg md Le / ial these properties are retained even 
under exposure to wide variations 
P a. in temperature, humidity, solvents 
off rung the USE] and stress. 

The cost advantages offered by 
**Delrin”’ stem primarily from its 
ease of fabrication, via injection 
molding or extrusion. These proc- 

esses permit economical mass pro- 
(ly d cost ad Dan ta Jes duction. The need for finishing 
: operations is usually eliminated. 
, ; : Part-to-part uniformity minimizes 
yeommany a ppl reel i ONS rejects. Assembly can be simplified 
: by joining with mechanical fast- 
: eners, spin welding, snap or inter- 
once reserve d for mie tal ference fits. “Delrin” is available 
, in integral colors, and varied sur- 
face effects can be achieved by tex- 
turing, vacuum metalizing or paint- 
ing. 
We will welcome the opportu- 
nity to assist you in evaluating 


dist inet pe rforma nce 


“Delrin” for your own product de- 
signs. A letter or the coupon at 
right will bring a prompt reply. 
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A ring of “‘Delrin’’ replaces nine steel balls in the bearings 
for roller conveyors produced by the Rapids-Siandard Co., 
Inc., Grand Rapids, Mich. These new bearings offer the 
advantage of quiet operation. Beyond initial lubrication, no 
further lubrication is required. “Delrin” was specified be- 
cause of its low coefficient of friction, high strength, corrosion 
resistance and dimensional stability. Bearings of “Delrin” 
are also featured in Rapistan® wheel conveyors. (Molded by 
Sinko Mfg. and Tool Co., Chicago.) 


This one-hand egg beater features three 
parts of “Delrin” that re place a stamped 
brass bearing, a cold-rolled steel retainer 
and a brass bushing. The excellent fric- 
tional qualities of ‘‘Delrin’’ provide 
smoother, quieler operation. Tough and 
abrasion-resistant, “‘Delrin’’ provides a 
life span ten times longer than originally 
anticipate d according to the manus wlurer, 
Ekco Products Company, Chicago, Ill. 
(Molded by Vulcanized Rubber and Plas- 
lics Co., Morrisville, Pa.) 


Flat-top conveyor chains of “Delrin” made by Fenco, Inc., 
Chicago, weigh only one-third as much as steel chains. Their 
service life is estimated at two to four times that of metal 
conveyors. Initial cost is 40-50% lower and litile main- 
tenance is required. The flat links of “Delrin’”’ are strong, 
resistant to abrasion and corrosion, have a low coefficient 
of friction, require no lubrication. (Molded by Du Bois 
Plastics Product Company, Buffalo, N. Y.) 
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THIS IS 
WHAT 
DELRIN 
IS DOING 


Now that “Delrin” acetal resin is 
available commercially, a rapidly 
increasing number of applications 
are going into commercial produc- 
tion: gears, bearings, housings, 
valve parts, plumbing fixtures, 
sporting equipment, telephone 
components, household items, 
clothing fitments, and many others. 

During the past three years, over 
500 applications of “Delrin” were 
field-tested by some 250 manufac- 
turing concerns. The success of 
these wide-ranging tests suggests 
that “Delrin” may well help you, 
too, improve a product, lower its 
costs, or develop new designs for 
your profit. Commercial proc- 
essors, and our own staff of tech- 
nologists will gladly provide you 
with more information. 


POLYCHEMICALS DEPARTMENT 


6. us. pat. orf 


Better Things for Better Living through Chemist 


FOR MORE SPECIFIC INFORMATION MAIL THIS COUPON 


E. I. du Pont de Nemours & Co. (Inc.) 

Department II-52, Rm. 2507D 

Nemours Building, Wilmington 98, Delaware 
I am interested in evaluating “Delrin”’ for t 

ing use: 





NAMI 





COMPANY POSITION 





STREET 





CITY STATE 








In Canada: Du Pont of Canada Ltd., P. O. Box 660 
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continued from page 17 

Nearly 70% of the companies pat 
ticipating in the survey reported “a 
significant share” of the plant and 
equipment being installed this year 
will be accounted for by facilities to 
produce new products. The need for 
such facilities is especially acute in 
food, pulp and paper, chemical and 
auto industries 

[he survey also indicates that a 
growing amount of corporate mone 
is being budgeted for construction of 


R & D facilities 
will spend $682 million on labs; last 


Industry as a whole 


year it spent 523 million. Of the 
money allocated to building labs this 
year, about one-fourth shows up in the 


metalworking industries. 





BRITISH REPORT R & D GAINS 


British manufacturing in 
dustries spent $840 million on R & D 
in 1958, according to a report by the 


| ONDON 


government-backed Dept of Scientific 
ind Industrial research. Nearly 70 
of this work took place in aircraft, 
electrical engineering and chemicals 

By US standards, the level is un 
doubtedly modest. But it shows a gain 
from the $532-million level shown in 
an earlier report for 1955, The 1958 
R & D spending represented 4.2% of 
manufacturing’s contribution to na 
tional production, compared with 
3.1% in 1955 

Spending by the three industries in 
the land was: aircraft, $280 million; 
electrical engineering, $179.2 million; 
and chemicals, $120.4 million. Most 
of the R & D by British firms was 


done in their own labs. s 


Planned 1960 Expenditures for 
New R & D Facilities 


Industry (Millions of $) 


lron & steel 

Nonferrous metals 
Machinery 

Electrical machinery 
Autos, trucks & parts 
Transportation equipment 
Other metalworking 
Chemicals 

Paper & pulp 

Rubber. 

Stone, clay & glass 
Petroleum refining. . 
Food & beverages 
Textiles. . Re edo ive 
Miscellaneous Manufacturing 
ALL MANUFACTURING 


Back-to-back Diesels Make Experimental Mammoth 


International Harvester’s Constructior 


this 75-ton, twin-engine earthmover 


rear-end pusher (PE—Mar 21, p 20) 


Equipment Engineering Dept designed 


combination front-end scraper and 


Two 375-hp diesel engines give a top 


speed of better than 21 mph, and frame-steering permits turning ins 


24-ft radius. 


jacknife the rig. Seat, steering wheel 


a turret that turns on roller beari 


a release and spins the turret around 
reverses oil flow in the steering systen 


backward. (In picture, operator is 


Axles are rigidly mounted 


hydraulic cylinders on either side of 


iccelerators and brakes are 


ing backwards) 


to side frame-members—double-acting 


vehicle push in opposite directions to 


mounted on 
To change direction, operator kicks 
ripped by turning turret, a switch 
» vehicle steers the same forward o1 


rransmissions are 


single-stage, torque-converter-driven, power-shift systems giving 4 speeds in 


either direction. Unit is well balanced 


front and 70,200 lb on the rear—and 


California Passes Anti-smog 
Bill, Control Poses Problems 
SACRAMENTO—California becomes the 


first state in the nation to require in 


stallation of devices on vehicles t 


control exhaust emissions (PE—Feb | 
ment of the | 


tion looks to bk evetral vears awa’ 


evisia 


p 15) but enfor 


Ihe bill, backed by Gov 


Brown does this 


Edmund G 


eSets up a_13-member 
pollution-« 
iuthoritv to test 


factorv, exhaust 


vehicle mtrol board 
ind certif 
control device 

@ Requires that the suppr 
on all gasoline-burning cars sold 
California 12 months after at least 
two anti-smog devices are certified b 
the board as effective 


vehicles are exempt until the stat 


Diesel-burning 


establishes standards for emission 

® Requires the devices on all used 
cars, transferred in ownership, within 
one year; on all commercial vehicl 
within two years; and on all used 
vehicles within three years after sele 
tion of the official anti-smog devi 


One loophole in the bill allow 
of the state’s 58 counties to decid 
for itself that it’s a non-smog area 
lieving owners of the necessity of 


stalling a device on present « 


between its axles 


about $15 lb on the 


push or pull about 90,000 


lipped 
i nforcement 


ther trouble 


bill amended 
essful argum 
VS, techni il 


iborator 


We 
hig! 
TAKCTS 11 the 15 
ber laboratori 
brought forth muc 
\ have today 
the state,” he told 
portation Committee 
was considered Wi 
mentation and are 
the keen competition © f 
held. If additional resea1 needed 
n refinements of exhau inalvsis, 
he state should conta¢ familiar 
with the problem ind 


ite facilities.” 


et up dupli 

Approved devices will have to meet 
the already adopted formula for emis- 
ions. It decrees that missions 
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greater than 275 pat r million of Lending a sensitive ear 
hvdro-« irbor al 5 I by vol - 
ume) of carbon monoxide will be 
permitted 
While n ybservers don’t expect 
anti-smog d es to be installed be- 
fore 1962 semblvman Ronald Cam 
eron, who authored the bill, is more 
yptimusti believes it will not tak 
the board more than 12 months to 
select effecti inti-smog devices, and 


that they ll be on 1962 model cars 


He point t that “there are at least 


dozen devi that meet the requir 


ent 





MORE SMOG STUDIES 


PHiLaADELPHIA—This Penn 

has joined the ranks of municy 
tudying the effects of automobilk 
truck exhaust on air pollution. | 

he Philadelphia Air Pollution 
| Board named a chairman to 


- 
| committee that will in 


veck ft 


Contr 


\ 


id 
ontribution of motor 
to the smog that oc 


from tim 


Magnet in foreground, together with half-inch-square crystal of synthetic ruby 
and copper transition section, form the “ruby maser” amplifier developed by 


tion is needed 
| ichol Hughes Aircraft Co for the US Signal Corp. The 25-lb maser (Microwave Amplifi 


Board chairman 


shout 50 f cation by Simulated Emission of Radiation) is sensitive enough to detect and 
{ ‘St ) 


| ' amplify even extremely weak signals from stars or space vehicles millions olf 
uc j rases 1 t cir ° . 
producing gas¢ mh ule Cl miles away. A conventional maser uses a 500-1b magnet and costs $4000; magnet 


ph re to cars and truck in the Hughes-built device weighs 12 oz, costs $10 


Radiant Quartz Lamps Speed Brazing 


Steel honeycomb, which has been successfully formed into lamps (left). Lamps provide heat to 6000 F. At right, is 
small curved and wedge-shaped panels will now be turned tainless steel panel in its airtight envelope being held 
out in a wide variety of sizes and shapes. This development in the chill position. Part has just moved from between 
is result of a contract between Northrop Corp and the banks of radiant brazing lamps, to right of chill position 
Manufacturing Methods Div of Wright-Patterson Air Force Carriage frame supporting the enveloped part is covered 


tase. Air Force wants to use the panels in advanced air with gold-fired shields—their high reflectivity prevents over 
craft and space vehi« les Honevcomb panel is brazed he heating the structure surrounding brazed area during braz 


tween banks of electronically controlled radiant quartz ing cycle 
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An important Worthington message about 


THE COMING CHANGEOVER FROM 


Recently you may have seen a number of announcements promising 


“super” V-belt drives that are considerably smaller and less expensive. 


What these manufacturers are talking about, of course, is the new 


Wedge belt which will soon replace conventional V belts for new belt 


WEDGE BELT 


oO 


0. What is a Wedge belt? 


A. The cord layer near the top of a V belt carries the load. This layer, 
however, is only efficient in the portion supported by side walls (red 
areas). Because it is more of a pie shape, a Wedge belt increases the 
overall efficiency of a V belt. The Goodyear Tire and Rubber Com- 
pany (manufacturer of Worthington-Goodyear V belts) was the first 
to offer a Wedge belt (in 1948). This fine product, however, was 
sold primarily for automotive applications. 


(\ \ 
(eee 
YY 


{ \ MULTI-WEDGE 
DRIVE 


Q. What are the advantages of Wedge belts? 


A. Smaller size, lower cost. Because the new Wedge belts are more 
efficient, you need fewer belts and smaller sheaves tocarry the same 
horsepower load. Sheave diameters can be reduced 30 to 50%. 
Center distances can be cut 20%. And initial cost can be as much as 
20% less. 





V BELT SECTIONS 


rPVIW 





WEDGE BELT SECTIONS 
Q. What belt sizes will be available? 


A. Since the smaller Wedge belt does more work than the other V belt, 
it has been possible to reduce the number of sizes without loss of 
flexibility. The new Wedge belts will be available in three standard 
sections, 3V, 5V and 8V. The new nomenclature simplifies identifi 
cation. The 3V belt is three eighths of an inch in width (measured 
at the top); the 5V belt is five eighths; the 8V belt, eight eighths, 
or one inch. Stock 3V and 5V sheaves will cover horsepower ranges 
up through 200 hp. Made to order 8V sheaves will be used for 
200 to 2,000 hp. requirements 





Q. Will multi-V drives continue to be available? 


A. Worthington has no intention forcing any customer to switch to the 
new Multi-Wedge drive. The choice is up to you. We will continue to 
manufacture and stock both drives as long as there is a demand for 
both. We expect that many customers will need replacement belts 
and sheaves for Multi-V drives for many years. The chart above in- 
dicates how we expect the market to be divided in the years ahead. 
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MULTI-V TO MULTI-WEDGE DRIVE 


drive applications. On these pages Worthington—maker of the QD 


(Quick Detachable) sheave, the industry’s largest seller—explains the 


significance of the coming change-over. If you would like more infor- 


mation please write to Worthington Corp., Section 79-25, Oil City, Pa 


i 


\' oo ’ 
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yd, (\f i \* 
VJ KYW \ 


MEE MER. F MEF 


Q. Will all drive manufacturers make the changeover? 


A. All indications are that the majority of Multi-V drive manufacturers 
are going to switch to the new Wedge belts. Of the eight leading 
builders, five (including Worthington) now also offer Multi -‘Vedge 
drives. 


WORTHINGTON 


\\ WORTHINGTON 
MULTI-WEDGE 
DRIVE 


OTHER 
MULTI-WEDGE 
DRIVE 


. Will different brands be interchangeable? 


. So far all Multi-Wedge drives introduced are being offered in the 
same belt and sheave sizes. Since Worthington and its QD licensees 
enjoy the largest share of the market, you can be doubly sure of 
having a dependable source of supply if you buy your Multi-Wed ge 
drives from Worthington. All stock QD sheaves are being built to 
standardized dimensions by all QD manufacturers and are there 
fore interchangeable. 

















anh 
Si 


—E 


Q. Are all Multi-Wedge drives alike? 


A. Whether you buy a new Multi-Wedge drive or the older Multi-V drive, 
the major difference between brands will be the quality of the belt and 
the method of locking the hub to the shaft. Worthington QD (Quick De- 
tachable) sheaves, with their two Golden Screws are preferred by plant 
operators because of their positive locking arrangement. 


The clamp screw simplifies installation and assures permanent align- 
ment. You can install QD sheaves one part at a time. No heavy rim and 
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hub combination to inch delicately into place. If change in speed is 
required, you simply install another sheave on the hub which remains 


anchored to the shaft. The clamp screw is an exclusive Worthington 
feature. 


The set screw prevents ‘‘key drift.” It locks the key securely in place, 
avoiding the danger of the key drifting off and becoming a safety hazard. 
Because of the exclusive clamp screw it is possible to use a set screw 
without causing hub distortion that might cause eccentric runout. 
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i 
SPECIFICATION 
Electroplating 


USE the world’s best 
soluble 
precious metals 


by TECHNIC 





THE WORLD’S FIRST 


HEAT RESISTANT 
24 KT ACID GOLD 


INDUSTRIAL 


ye Om cle) Re) 


AQUEOUS..THE WORLD'S 
PUREST SOLUBLE GOLD 


H.G.BRIGHT 


23 KT GOLD 


CYANIDE FREE.. OFFER- 
ING VARIABLE HARDNESS 


OROSENE 999 


PRODUCES PLATES 
HARD AND DUCTILE 


RHODIUM _| 


SULPHATE TP 


FOR COMPLETE INFORMATION 
WRITE, WIRE, PHONE OR TWX 
TX Patent Pending 


Technic 


amc 


PO.Box 965 
Providence, R. |! 





STuart 1*6100 


PEOOUCTS OF RESEARCH 


aR 


24 


Chicago Office 
7001 North Clark Street 
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Japanese Manufacturers Emphasize Consumer Products 
\ boom in 


goods, which has been 


OSAKA, JAPAN consume 


the 
ire showing increased facility in 


Japanese appliance dealers at 


spurring Japa Fa 


nese industry recently, was sharply designing refrigerators, washers and 


evident here at the annual Japanes ther 


Fair ist arra\ n 


new products and new designs by nev ually 


ippliances especially for Japa- 


Industrial Trade homes. In the past, they have 
Amer 
Particularly evident in 
the flat top 
ely high standard-of-living cout frigerators stvled for the tiny Japa 
s in the West 
Asiati 
Electroni 


iominated ft 


shown small versions of 


companies was on in appliances 


were designed for export to th this category were square 


tory 
il t 


manufac @ ) 
Kubota 


ind 


iltural equipment 


other 


ountries. 


in India, n and 
populated Asian 
display I 

machine tool on 


And Ya 


showed a 


rous Included in 
Ni 
showed _ transist lio nterof trolled by digital 


in juipment wel 
omputel 
Industrie 


i comput I 


communication rem tap | Kawa ectric 


ind = batten with “parame 


Japanese-developed semi 


not vet taken » by the 


Sol Sande | IK 


» Bureau 


THIS TILLER, de 
signed by K 
is credited with 
helping raise 
Japane agricul 
oductivity 


to 


tural p 
enough 
the « 
sufficient 


ountry 
in rice 


Kubota and other 


companies are 
now to 
market 


Asian < 


aiming 
in other 


ountries 
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T » Leak-proof— 
. Permanently pre- 
2S lubricated, Lubri- 
cant can’t leak out. . 
taminants can’t 
Plya-Seals in new “steel 
sandwich” seal-for-keeps, 
stay put, resist push-in, in- 
crease bearing life. 


ane i | 


. con- 
get in. 


2 b& Vibration - proof 
Made to preci- 
sion tolerances. 
Running accuracy, internal 
clearance, race geometry 
held to prescribed limits. 
Balls and races finished to 
mirror-smoothness to in- 
sure quiet performance, 


\ 


(3 lb Abuse-proof — 
ai Deep races. Bear- 
—=> ing designed 
throughout for reserve 
thrust load-carrying ca- 
pacity. Rugged construc- 
tion and _ steel-supported 
seals reduce chances of 
installation damage. 


J === 


Fafnir gives you the seal... the “smoothness”. . . the 
stamina you need in ball bearings for electric motors! 





Notice the seals in this Fafnir 

ball bearing. They’re “rolled 

in’. These newly designed Plya- 

Seals won’t work loose because 

they are gripped between two steel sup- 

ports ... nor will they push in. They 

provide positive protection against con- 
taminants and loss of lubricant. 

You also get whisper-quiet perform- 

ance. Balls and races in Fafnir precision 

ball bearings for electric motors are 


& 
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micro-finished to 
No noise... 


mirror-smoothness. 
no vibration. Extra-deep 
race design adds thrust capacity and 
minimizes mounting damage. 

Look to Fafnir for your electric motor 
ball bearings. You'll find all sizes and 
types (open, shielded, or with contact, 
slinger, or felt type seals) ... plus the 
capacity and uniformly high quality to 
meet your needs precisely. The Fafnir 
Bearing Company, New Britain, Conn. 


FAFNIR 


BALL BEARINGS 


CIRCLE 


Over 5000 electric motors in Faf- 
nir’s six plants including these 10 
HP and % HP units, offer on-the- 
spot proving-grounds for electric 
motor bearing designs 
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@ Instruments for testing airborne computers made by Servo- 
mechanisms Inc evolved within the standard 19-in. rack typical 
of such electronic equipment. This ‘‘add-on”’ approach contributed 
to the jumbled “electronic look” (top of page) of electronic labs 
Although the 19-in. rack itself was a modular concept, the need 
for greater flexibility and accessibility is causing the redesign of 
several types of such instrumentation 


One example of this trend, the new testing system for air 


borne computers now being developed and marketed by Servo 
mechanisms, includes a desk 


26 
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TRENDS IN APPEARANCE DESIGN 








represents a radical departure 
19-in 
for airborne computers 


parallax and 
more symbols 
containing testing 
into 
top panel 


a cabinet and consoles that can be 


THE DESK-CONSOLE at left (closeup below left) 


from the forme! 
rack 


version of 


this testing equipment 
Besides achieving greats 


component density and reducing space required 
redesigned panel is easier to read, eliminates 


also makes possible presentation 


Also, in former model, patchboard 


program had to be plugged 


socket awkwardly located half underneat! 


Now it’s inserted beneath socket’s dust 


cover at right of console 





fitted on top of either, permitting a variety of combinations for 
different applications. Along with the better appearance and the 
provision for human factors affecting their design, this new series 
of instruments also achieves greater component density—and in 
less space, both volumetrically and in terms of required floor area 
Another change from design practice connected with the old 
19-in 
in place of enameled finishes, and the use of extruded aluminum 
Zierhut, Vedder, 


racks is the specification of Formica desk and cabinet tops 


structural shapes. Industrial design consultants 
Shimano, Van Nuys, Calif = 
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... INSTRUMENTS 


TRANSPARENT POLYSTYRENE DIAL cover is integral 
part of functionally minimum case of voltage- and current- 
measuring instrument for electronic equipment. Yet it has 
drawbacks, as indicated by distorting effect on some of 
figures around adjustment knob in lower right-hand corner 
Also, display of measuring ranges (there are upposed to 
be 31) is confusing. Made by N V Instrumenten-on Elec 
trische Apparatenfabrik NIEAF, Holland 


TAPE-CONTROLLED TESTING SYSTEM 
electronic products, receiving inspection 
equipment as aircrait electronic apparatus 
rack module for its variable-circuit 
ichieves integrated appearance by rece 
cabinet doors. By Pacific Automation P 
lale, Calif 


MULTIPLE-RANGE MICROAMMETER eass 


ising light-spot galvanometer that 
linear scale. Front control pa 
tive treatment detract 


ind distributed here 


ANALYTICAL MASS pectrom 

structed of Formica-and-honey: 

to expose internal mechanisms mo 

ing Also each electronie chassis 

out, eliminating the classic sliding drawe1 
and Control Div, Consolidated Electrody 
sell & Howell Co, Pasadena, Calif 


VACUUM-TUBE VOLTMETER is sold as a do-it-vow 
kit, to be constructed by customer's own technicians. Al 
sence of knobs and other such hand controls on front pans 
results from incorporation of an automatic range selector 
Designed by Latham-Tyler-Jenson, Chicago. fo Al 


Radio Corp 


lied 


AUTOMATIC FOCUSING MICROSCOPE uses prominent 
scoring of adjusting controls to aid identification by both 
sight and touch. Unusual frame design helps to keep cents 

of gravity on optical axis, no matter how heavy the acces 
sories (note television camera at right) mounted on the 
instrument. Made in France and distributed by Precitec C 
Inc, Andover, Mass 
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no. 


lifje@l 


A GLUTTON FOR PUNISHMENT. The image, pencil or ink, on PosT Polytex stays put 
Won’t rub, flake or peel off accidentally, yet can be erased. Duralar pencil lines 


bond to the surface readily 


New POST-perfected 
Polytex takes pen 
or pencil perfectly 


You already know that drafting films 
offer the advantages of tremendous 
durability and dimensional stability. 
Now, thanks to an exclusive, pre- 
cision process, Post offers a drafting 
film with superlative drafting char- 
acteristics. The surface of Post i126 
Polytex is unmatched for ink recep- 
tivity, has a coating that stands up, 
erasure after erasure. Ink lines won’t 
pull off when cellophane tape is ap- 
plied firmly over them and then 
suddenly yanked off. Transparency 
is excellent. 

If you prefer pencil, use a Post 
Duralar lead for permanence. Plas- 
tic-based Duralar lines actually bond 
themselves to the Polytex surface. 
Drawings won’t easily smudge or 
smear... can even be washed with 
soap and water. 

By using new Polytex, with Du- 
Pont Mylar base, you avoid the 
drawbacks which show up in some 


SENSITIZED PAPERS & CLOTHS @ TRACING & DRAWING MEDIUMS © DRAWING 


Soiled originals can be washed with water and detergent! 


TAPE TEST proves remarkable adhesion of 
inked lines to the surface of PosT 126 
Drafting Film, lines which do not feather 


out or spread. 


films . . . a drawing surface too slick 
to retain a pencil or pen line . . . too 
soft for use with hard pencil after 
erasures. 

Enjoy the flexibility and long life 
of a drafting film with an ideal draft- 
ing surface. Try new 126 Polytex 
Drafting Film. 

For more information, see your local 
PosT Blueprinter, or write Frederick 
Post Company, 3642 N. Avondale 
Avenue, Chicago 18, Illinois. 


NSTRUMENTS & SLIDE RULES 


ENGINEERING EQUIPMENT & DRAFTING SUPPLIES @ FIELD EQUIPMENT & DRAFTING FURNITURE 
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| READER To EDITOR| 


What's Really Behind 
The “Engineer Shortage’’? 


lo the Editor 

Articles, such as ““Technicians—Answer 
to the Shortage of Engineers” (Mar 14, 
p 55), which discuss the reasons for the 


hortage’” and ways of alleviating it, 


usually consider education, social mo 


tivation and other applicable points 


| 

Invariably, this artick 

articles, m 

ission of the 
, 


ition 
If the 


fact 


hortage zg 
well-known 

illed money 

vould only ig out the 


ibout salaries—starting  salari 


author 
vell as those after ] 20, and 
years’ experience—I am sure that 
ld all benefit, and mam 
perplexing shortag 

| 


opvi0l 


yf the reason 


’ 
these vould 


B KeLier 
Arbor, Mich 


kind We 


} 
; that 
ld 


continua 


vhol problem 
O prov Starting 
vill be $515 

ian 10% higher than f 
$457 per 
innual salaries of 

cor + 10 

200 after 


rage d $i2 


rraduates 


than there 
tuation 


RMK 


Engineers and Draftsmen 
lo the Editor 
discussion of the 
id his relation to the en 
\ icWw 


timely and 


published in 


interestin 
ne that the proper stat 
f the draftsman are n 
ibed by some of the 
set how the prevak 
vy might have com 
draftsm 
from th 


+ 


ars ago many 
the drafting office 


had been machinists 


OT 
makers and had the 

vere dealing with 

nany draftsmen w 


lerks Young men wer 
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the street and taught detailing. Since 
they lacked practical, first-hand experience, 
their judgment in matters of fits and lim 
its, stresses, materials and manufacturabil 
ity was pitifully meager. They, therefore, 
became merely experts in the making of 
picture 
here is, however, a developing trend 
it present Draftsmen are taking more 
interest in the functioning of the prod 
uct. They are preparing themselves mor 
thoroughly both on the job and in off 
hours he work of the engincer, on 
the other hand, is coming to be con 
sidered as the adaptation of basic scienc« 
of a specific technology He is seen a 
gineer-scientist It is my feeling 
our modern setup the proper 
» be a researcher 


technology He can 


; 


the time for the more 


rather 


ft ngineering 


lrattsman 1 


yf freezing a man 
mus ¢ ipabilities to a sati 
ure dealing here not 

io - f 


ce perrorm 


it in numerous 
aduates are kept 

vork and various extraneous duties 
trained and indisputably com 
in the field of drafting and 
etter be bearing their share 
n as well as an appropriate 
releasing the engineer [to his 

ng. In my experien I 

fine examples of tool, ma 
pr xiuct design executed by men 
without engineering degrec The line 
of demarcation between the draftsman- 
und the experienced engineering 

not harp 

engineer operates within 
sphere he has 1.0 need to be con 
about the draftsman encroaching 
jealously guarded bailiwick 
Rather, the draftsman-designer can be of 


] 


upon I 


great assistance to the engineer in re 
lieving him of many practical details. 
The “draftsman” should not, let us hope, 
be ompre sed into the role of a mere 
translator or interpreter of designs in 
which he may not participate 
Regarding a universal drafting and en 
gineering language, note the following 
In November 1950, military and indus- 
trial representatives of the US, Great 
Britain, and Canada held a conference 
for the unification of engineering drawing 
practices and preliminary agreements were 


continued on page ) 
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Another New Westinghouse 
AIR CIRCUITRY Component 


(One of 30) 


The lightweight 
FLEXAIR 
Valve 


Provides effortless control. Position 
of the handle controls air pressure. 
Pressure is graduated between zero 
and maximum and automatically 
maintained. A light touch of the han- 
die controls one, two or three outlets, 
separately or simultaneously. 

The FLEXAIR Valve is only one 
of a growing list of interesting new 
AIR CIRCUITRY Components. 
Westinghouse AIR CIRCUITRY 
eliminates operator fatigue and errors 
in manual or semi-automatic oper- 
ations and serves in completely auto- 


matic installations. 


AIR CIRCUITRY... 
FOR TROUBLE-FREE AUTOMATION 


Air Circuitry is the application of 
pneumatic control systems to your 
industrial production operations. 

Air circuits are safe, economical 
and precise and are used to solve the 
most rigorous and complex control 
problems in industry. 

Our engineers, backed by 90 years 
of experience, can help you boost pro- 


duction and cut costs in your plant. 


AIR CIRCUITRY means trouble-free automation 


For more information, ask for Catalog A4-72.03. 


See the Yellow Pages under Cylinders for the Name of Your Loca/ Distributor, 
or refer to Sweet's Catalog, Product Design File 





(y) WESTINGHO™* AIR BRAKE COMPANY 


INDUSTRIAL PRODUCTS DIVISION, WILMERDING, PENNSYLVANIA 
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Announcing i READER TO EDITOR —— 


iched \t a subsequent ABC confer- 


® ence (June 1952), there was general 
agreement that an adequate universal Sys- 
tem of drafting symbols should be devel- 


ped Some of the recommendations 


later incorporated in the MIL-STD-8, 


Pressure Hose he mitay sander for’ dimensioning 


ind tolerancing 1e delegates to the 
, / October 1957 ABC conference at Toronto, 
One-fifth the weight and Outperforms Canada considered and made recommen- 


lations for format of drawings projec- 


>» 


Rubber Hose of Equivalent Burst Strength tion, line conventions, sections, screw 
thread representation and tolerances of 
position and form lhe past ten years 

@ A specially formulated of conference work toward unification 
nylon inner tube reinforced e ee eminently productive. The trend 

4, ’ . . ™~; towar or tv of practice ; ong 7. 
with high tensile yarn and we uniform a ae oe 
abrasion resistant cover* ments of industry is also quite definitel 
d ay oi . . 

S ’ & Certainly, we n look forward 
make new NYLAFLOW — Ny c to that universal engineering irafting ine 
pressure hose ideal for jobs ® seems 06 daviatly dake’. " 
requiring exceptional resist- Mr Smith has mentioned his experienc 
ance to flex, pressure pulse eN a he with an example of a version of a drafting 
and vibrational fatigue. ‘ ~ : >. ymmunications link that was effective 


: only locally—that umong draftsmen 
It is unaffected by flamma- He right in feeling that a drafting lan 
ble and non-flammable f ’ § ©" guage should be understood bv all thos 
hydraulic fluids, hydrazine who must use the drawings—the engineer, 
and other rocket fuels, and the draftsman, the manufacturer, the in 
has excellent resistance to . = pector, et on, however 
caustics and almost all or- ‘ : 1ot to have everything written out in 
ganic solvents. Freon per- long-hand. It is as necessary - ippr 
meability is approximately 1/10 that of rubber pre te eppy fy Mie AP gens a 
hose. Excellent non-conductor for use around 3 
high voltage power lines. 


is anywhere else agree that variou 
s should participate in the dev 
a universal nmunication 


enginecring designs And that 


Odorless, non-toxic, non-corrosive, fungus ep Wea TI 
scly What is happening rhe 


resistant and will not embrittle in storage. ‘hn. hes A Csi 
Functions efficiently over wide temper- if rth ott Wadia ae D: a: % 
ature range (—65°F. to +250°F.). tices ase ensincers. deaiting experts 
Remains form stable but can be ; rane ee 
permanently heat-formed to v NYLAFLOW Pressure men 

small, stress-free bend radii. F Once a_ well-f 


tem is developed, 


Tubing in sizes up to %” 

NYLAFLOW Pressure Hose O.D., with burst pressure adopted genesall 

with burst pressure ratings ratings of 1000 and 2500 psi., n it is going to be difficult to 
of 5000 and 8000 psi., is : is used for lower pressure re- de some to lay aside the procedure: 
available in long contin- . quirements in applications such ew have considered adeau fae wate 
uous lengths in standard as lubrication, hydraulic, pneumatic, ind to make fort to study and 
diameters up to 4”. fuel and oil or beverage lines. It is o something different, effective 
Compact, lightweight, flexible for easy installation and can be b As rHuR RusseLi 
reusable fittings attached with standard flare or compres- Albuquerque, NM 
and assemblies are ‘ sion fittings designed for metallic tubing. 

also available 
availa ble For full information, write for booklets on Aircooled Engines for Smog 
hose and tubing. Control 


*Patented Ilo the Editor 
I wanted f 
yn yur veri 
\ Design ( 

Present-day 
vith various gadget nd it would not be 
wise to make them more ymplicated 
The Polymer Corporation of Penna. hus requiring more frequent service 

Especially the compact car 

It is clear that something has to b 
ne to combat smog, not only in the 
I Angeles area but in all large cities 
I read with interest the report of recent 
tests made by Chrysl or better ir 
naintenance, which resulted in finding 
-_ suniciiees better combustion efficiency and reducing 
POLY PENCO’ hydrocarbons in exhaust by 50 The 
eM ee i idea to vent the crankcase fumes back into 


‘ 


Reading, Pa. 


>t 


} } + 
the engine, to be rm ere, 1S V 
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good and should be fully accepted 

If more car manufacturers would chang« 
to aircooled engines like those in the 
Volkswagen and Chevrolet’s Corvair, the 
picture would be quite different. Exhaust 
gases are usually 900 to 1300 F. At such 
emperatures most hydrocarbons would 
burn directly in the aircooled combustion 
chamber and there would be no need for 
in expensive afterburner. Furthermore, as 
the Germans already have recognized, 
iircooled engines will last almost twice as 
long as watercooled ones. And last, but 
10t least, there will be no more trouble 
vith corroded mufflers, because all the 
orrosion-causing acids will be burned 
right during the combustion cycle in hot 
vlin lers 

The only disadvantage of an aircooled 

so far as I know, is the noise 

has no watercooled jacket to act as 
1 sound insulator. Perhaps some ambitious 
ngineer can make aircooled engines quiet 


be mac caper when no 
vatet 


pumps or cooling jackets 


needed. The inner oil-cooling of pis 


should be accepted fully in cas 
led engines are adopted 

Orto V Dra 

Chief Design Engineer 

Nylonge Corp, Cleveland 


COMING EVENTS 
MAY 


American S$ ety 
tesn’ Metal Show, Stati 


Radio Engi 
Western 


engineering 


liseum, NYC 


23-26... . Clapp & liak, Design En- 
gineering ] 1 ew oliseum, 


NYC 


23-26 . . .. American Institute of Ek 
trical Engineers, Instrument Society of 
America, American Rocket Society, In- 
stitute of Aeronautical Sciences—Na 
tional Telemetering Conference, Marimar 
Hotel, Santa Monica, Calif 


PRODUCT ENGINEERING + MAY 2, 1960 








Precision can be designed into any power transmission 
equipment. But precision performance results only when 
the gearing is made to the exact specifications for a 
particular application. 

CINCINNATI Custom gears and gear boxes are pre- 
cision made, precision inspected, GUARANTEED— 
with delivery dates as promised! 


Send us your prints for quotation. 


THE 
CINCINNATI 
GEAR CoO. 


Wooster Pike and Mariemont Ave Cincinnati 27, Ohio 
® Custom Gear Makers Since 1907 


GEARS, good gears only 
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VULCAN 


CARTRIDGE 
HEATERS 


Vulcan Cartridge Heaters are 
designed especially to provide 
concentrated heat in small areas 
by insertion into machine parts, 
dies, platens, molds, presses, die 
blocks of embossing machines, 
packaging machines, etc. There 
is practically no heat loss be- 
cause the cartridge is com- 
pletely surrounded by the metal 
or material to be heated. 

Vulcan Cartridges are avail- 
able in a wide choice of stand- 
ard sizes — from 1” to 25” (or 
longer); diameter — 1/4” to 
1 19/64” (or greater); sheath — 
brass, steel, nickel or high tem- 
perature alloys; full range of 
wattage and voltage ratings. 
The proven “Thunderbolt” 
Heater is available for extreme 
conditions of watt density and 
temperature. 

Write for catalog and prices. 














VULCAN ELECTRIC COMPANY, Danvers, Mass. 
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Inspired by the vast implications of the Space Age and all it promises, the 
engineers of Royal McBee’s Research and Development department (Indus- 
trial Design Section) have allowed their thoughts to spin off into orbits where 
“nothing is impossible; it’s only a matter of how long it will take to perfect it” 

or, at least, that’s the way their internal magazine Royal News puts it. Most 
compelling problem, according to them, is the matter of communication—cod- 
ing, transmission, storage and retrieval of information. Fearlessly tossing 
caution to the winds, Royal McBee engineers foresee the time when “we can 
transmit our thoughts on wavelengths similar to microwaves and, through a 
viewer similar to a television screen, actually see our thoughts in picture form.’ 
l'o give us an idea of what they are talking about, the engineers have served up 
some of their “thoughts in picture form” (below). Some look rather “blue sky”’ 
at the moment, others seem quite practical. But in either case, there are un 
doubtedly germs for a number of new products here Any ideas? 


Vocabulator—a voice-activated type 
writer. Microphone converts spoken 
words into electronic signals to 
actuate appropriate keys of a type 
writer. Chief problem is recogniz- 
ing the distinguishing sounds of 
each word, regardless of individual 
inriations in tone of voice or accent. 
Most successful technique to dat to match input signals with computer 
stored signals and thus generate appropriate signals for keys of typewnt RCA 
built one that had a vocabulary of about 10 words. But the words were chosen 
because of their distinctly different sounds and the equipment filled five or six 
standard electronic racks. Secondary problem: what to do with such word 


pairs as “weight” and “‘wait write” and “right raise” and “‘ra et 


Rotograph—a high-speed manua 
writer. Machine combines flying wh 


line-printer commonly used for computer YY _ 
printout with photoelectric keys such 

the touch-sensitive, elevator call-button 

now found in modern buildings. Because 

keys can be operated without pressure, it E—— — 
is likely that some other arrangement of 


keyboard would give mor speed. A verti 


cal board, a contoured board, or board mounted to accommodate the most 


relaxed position of the hands, might be found more comfortable than present 


board Sketch show 1 vertical kevboard divided in two segments 


1 
sloping ker 


Ceremax—a thought-transmitting center. A device worn on the head transmits 
brain impulses to a “thought scriber’ where they are recorded in pictorial 
form for monitoring or rebroadcast via television. This sounds a bit far- 


fetched, but Russians report that they have a device that moves a mechanical 


rm in response to nerve signals tapped from the arm of an operator. Other 
| 


developments in the field of bioelectronics (PI Nov 30 '59, p9) promis« that 


mechanisms controlled by brain impulses may be common in the near future 


Have you a problem, based on known scientific principles, which seems to have an answer 
somewhere within the limits of present technology? To inspire inventors along worthwhile 
paths, PRODUCT ENGINEERING invites you to trade such problems with fellow readers who 
have a fresh viewpoint or more time to experiment. We pay $10 for each one accepted. 
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THESE NEW 


Since its initial development, some 20 years ago, the SR-4 Bonded Filament Strain Gage has simplified the approach 
to countless structural analysis and design problems, many of which would otherwise have been immensely difficult, 
if not impossible, to solve accurately. 

Through the years literally hundreds of SR-4 gage types and configurations have been produced, each designed to solve 
a particular strain measurement problem as easily and precisely as possible. 

Now, four new additions to the B-L-H strain gage family make possible still greater simplification of a variety of 
stress analysis jobs. One of them may be the answer to your problem. 


STRAINLINE PHOTOELASTIC % 
STRAIN GAGE 


For the researcher or engineer who would like direct indication 
of strain, without resorting to electronic instrumentation, time- 
consuming connections, etc., the new Strainline photoelastic strain 
gage is an ideal solution. 

Small, rugged, very simple to install and use, Strainline gages 
provide immediate, visual indication of strain magnitude. Each 
gage displays a series of visible transverse interference lines. When 
it is bonded to a surface undergoing strain, these lines are dis- 
placed along the length of the gage. The magnitude of displace- 
ment, with respect to a fixed scale on the gage mask, is directly 
proportional to the strain. 

Unlike other photoelastic devices, the Strainline gage has negli- 
gible transverse sensitivity . . . no correction of readings is nec- 
essary. Its fringe lines are sharper and easier to read accurately 
(to better than 50 microinches per inch) in either natural or 
artificial light. 

Strainline gages are available with gage lengths of 34” and 2”. 
For more information ask for Product Data 4325. 


STRAINLINE PHOTOELASTIC % 
STRAIN COMPASS 


A natural companion to the Strainline gage is the Strainline com- 
pass. A truly unique photoelastic device, this small, circular gage 
provides quick visual indication of strain direction. 

When a surface to which it is bonded undergoes strain, a symmet- 
rical pattern of interference fringes appears on the face of the 
gage. The axes of symmetry of this pattern provide clear, im- 
mediate indication of the directions of principal strain. 

A number of Strainline compasses, bonded to a test area may be 
photographed or observed simultaneously to determine localized 
strain direction over the entire area at any given instant. 
Strainline compasses are available with diameters of 4” and 1”. 
For more information ask for Product Data 4326. 














Theoretical shearing stress distribution for different stress ratios 





SR-4° SELECTED MELT 
SELF-TEMPERATURE-COMPENSATED 
STRAIN GAGES 


Probably the easiest way to compensate for temperature 
effects on strain gage readings is to use a gage which is 
“matched” to the material of the surface under test. 
A new and complete line of these matched, or “Selected- 
Melt,” gages of both wire and foil grid construction is 
now available from B-L-H for use on a variety of ma- 
terials. Produced from alloy batches or “melts” which 
have been carefully selected to exhibit certain prede- 
termined thermal Ba se of resistance character- 
istics, these apparent strains of no mo 
than + 1 wn iton ores te over the range of from 50 to 250°F. 
Most of the commonly-used SR-4® wire and foil strain 
gage types are now available with Selected-Melt atts 
Three characteristic = are offered for oe 
type, making Selected- t strain gages applica rc 
materials having thermal expansion coca of 6 
(e. g., mild steel), 9 (stainless), and 13 (aluminum) 
parts (+1 part) per million per °F. 
Meles are also available on special order for materials 
having other coefficients. 
Ask your SR-4® Strain Gage representative how new 
“Selected-Melt” gages can fit into your testing problem. 
For more information ask for Product Data 4313. 


SR-4° UNIVERSALLY-TEMPERATURE- 
COMPENSATED STRAIN GAGES 


Aton Se ee em 
: strain gage is nec- 
essarily restricted in use to the ific material for 
which it is intended and over a ted temperature 
range. 

The new universally ma sng. anaes of ture-compensated gage, 
however, may be used wi accuracy 
on almost any material. In In eddicionie will prove 
ee 


Ti Wilts dliaiee iktendcihcs ‘al his ve 
markable new gage can be changed by varying the 
parameters of a simple external circuit. Two models 
paren ig aya eed. ym aetiot th Type 

- FNB-50-12E, on a phenolic base, 

use from —320°F to +500°F. 

T af lg gol 
hang io —320°F to +850°F. 

For more information ask for Product Data 4321. 


AT YOUR DOORSTEP .. . The world’s most complete strain gage line. 

All Baldwin-Lima-Hamilton SR-4® Strain Gages, instruments and accessories are now carried in stock for im- 
mediate delivery at 15 strategic points throughout the country. Write for the address of the BLH Sales-Engineering 
Representative nearest you. 


BALDWIN :-LIMA-HAMILTON QR 


Electronics & Instrumentation Division Bl 


Waitham, Mass > Ly 
HAM 





Let J-M Clipper Oil Seals 
help protect your new design 


f 


Special shapes available-and you name the material! 


While your design is still on paper 
is a good time to let Johns-Manville 
help you determine the type of 
Clipper Seal that will give you most 
efficient machine performance. J-M 
has many design cross-sections to 
give bearings longer, better protec- 
tion against heat, speed, leakage, 
dirt and corrosive chemicals. 

Or, J-M will precision-mold Clip- 
per Seals from any material that 
best suits your requirements. J-M is 
equipped to work with many mate- 
rials: elastomers, including Teflon 
»+. neoprene... silicones... and 
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fluorinated, polyacrylic or other rub- 
bers with either our exclusive as- 


Clipper Seals provide maximum 
sealing ability, low torque, long life, 
bestos heel or metal reinforcement. easy installation and wide adapt- 
Endless or split types available. ability. For complete information, 
J-M Clipper Seals protect better write to Johns-Manville, Box 14, 
. because they are better. Spe- New York 16, New York. In Canada: 
cially compounded to do each job, Port redit, Ontario. 


JOHNS-MANVILLE 
CLIPPER SEALS 


JM 
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BIG 


SMALL 


FLEXIBLE TUBING 
ANSWERS 
TO TOUGH PROBLEMS 


The flexible metal tubing assemblies on this 
page give an indication of the scope of facili- 
ties at Anaconda Metal Hose for designing 
and manufacturing tubing answers to tough 
problems. 

The. big 1614-foot, 8-inch diameter tube 
in stainless steel at the left was built for 
handling liquid oxygen in missile ground 
handling equipment. In the photo below, 
left rear, are two stainless steel connector 
assemblies—14-inch and 10-inch I.D.—also 
used in handling liquid oxygen. 

From such assemblies down to the tiny 
44-inch I.D. Vibration Eliminator shown in 
the foreground at the bottom of the page, 
the variety of flexible hose assemblies—in 
size, material, and design—is almost infinite. 


FREE TECHNICAL SERVICE. Anaconda Metal 
Hose specialists are constantly working with 
design engineers on special flexible connec- 
tors and hose to meet new problems. Having 
broad experience working in stainless steel, 
other steel alloys, Monel, copper alloys, alu- 
minum, and Teflon,* they can save you con- 
siderable time and money in designing the 
flexible connector best suited for your needs. 


Our specialists are available to you through 


Anaconda Metal Hose representatives in 
leading cities — see listing “Metal Hose” in 
the Yellow Pages. Or write: Anaconda 
Metal Hose Division, The American Brass 
Company, Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., New To- 
ronto, Ont. *Registered trademark for Du Pont fluorocarbon resins 


5Y1 3C 


ANACONDA 


METAL HOSE 
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the Engineers are numbers men. Sooner or later, every engineer insists upon 


putting numbers to whatever is under discussion, to the irritation of 


Management, Sales, or the visiting peddler. It’s so much more fun to talk 
CRACKED in glittering generalities—‘‘a new departure,” “a more-cconomical design 
“we'll talk about it later,” “that’s a detail’—you know the phrases 
CRUTCH It’s tough to be concerned with numbers; they puncture balloons 

But that’s the analytical streak that characterizes engineers. It keeps the 
discussion somewhere near practicality 

lhe difficulty is that numbers can be wrong—just as wrong as generalities 
It depends on the numbers. Watch yourself when you preface numbers with 
usually, generally, normally, for purposes of argument, to give you some 
numbers, let's assume, as I recall. The apologetic or hedging phras¢ 
may salve your conscience, but it doesn’t prove the numbers. Yet we 
must assume numbers in some kinds of analyses, then prove them right 
we hope. And in other instances, we assume numbers that we couldn’t prov 
if we had to. Then we end up with a “truth” that isn’t a truth at all 

Our handbook, for example, shows the tensile strength of SAE 1010 
steel as 67,000 psi. So we automatically picture the stress rising evenly 
to that number, at which point the specimen snaps. When 
challenged, we add the familiar stress-strain diagram, may even mumble about 
averages, stress concentrations, end conditions. 

But if all variations are considered, the 67,000 psi looks rather 
questionable—and we're right back where we started. We generalize, tak« 
an arbitrary value and use it as fact. Usually, technology has improved 
enough so that this procedure is safe, although we often don’t know how 
much testing established the value in the first place nor how accurate the 
testing was. It’s in the handbook, so we assume it is true 


We make similar assumptions with regard to strengths, other properties 
and characteristics, manufacturing costs, tolerances, efficiencies. We quote them 
as facts, with precise numbers, when they’re generalities, albeit 
technological ones 


by our superior knowledge and isn’t likely to use the numbers anyway. As 

Spaniard said a long time ago, “In the land of the blind, one eye is king.” 
The danger can come if we go ahead with the numbers ourselves, 

without some current test or check. It was numbers, manipulated by 

statisticians, that made trouble in our missile programs, numbers used to 

predict performance. But the numbers—and the predictions—turned out to be 

wrong. Not until they were checked by test—field test rather than lab 

test—were all the environments encountered that showed the numbers 

to be wrong 


In most cases, there is no harm done. The layman listening is impressed 


There is no such thing as a technological fact. Every one must be 
reexamined continually in the light of the new developments and the 
new problems. Numbers may be no more accurate than generalities 
and they can be more dangerous. An unchecked number is a crutch 
and a cracked crutch at that 
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ACTUAL SIZE 


Basic element of 
CLAREED relays is 
this switch capsule. 
A pair of magneti- 
cally operated con- 
tactsis hermetically 
sealed in an atmos- 
phere of inert gas. 
The caps. /e com- 
bines extreme sim- 
plicity with high re- 
liability and long 
life. It has excellent 
low-level charac- 
teristics. 
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ELECTRICAL ANALOG SIMPLIFIES 
HEAT-FLOW ANALYSIS 


Electrical circuits serve here as simulators that 
predict behavior of the product under a large 
variety of complex thermal conditions. Author 
explains typical analogs that need only bat- 
teries, resistors and capacitors for operation. 


MORTON SKLAROFF, manager, process control, Eastern Research Center Div 
Robertshaw-Fulton Controls Co, King of Prussio, Penna 


Ther are several similarities between the flow of heat 
and flow of electricity. But electricity is easier to produce 
and measure. Combine these two facts and you have the 
key to the electrical analog method of solving complex 
thermal problems. 

First, to supply the basic heat-flow data, tests are run 
with the product prototype. Then an equivalent electrical 
circuit—corresponding to the block diagram of actual 
heat flow—takes over to predict the product’s behavior 
under a variety of conditions. 

Specifically, what the analog does is exploit similarities 
between heat flow and electrical current, heat capacity and 
electrical capacitance, thermal “Ohm’s law” and electrical 
“Ohm’s law.” 

Heat flow and electrical current—the basic elements in 
the analogy—are not, of course, truly equivalent; btu’s are 
units of energy, and coulombs are units of charge. But each 
obeys similar mathematical laws. 

Heat capacity of a mass, its btu’s per degree Fahrenheit, 
is analogous to the farads of electrical capacitance—and the 
heat “leaks” to ambient just as a capacitor charge leaks to 
ground. Increasing mass increases capacity, and insulation 
reduces leaks. Heat capacity is defined as specific heat, in 
btu/Ib per deg F, times mass of the part, in pounds. 

The thermal counterpart of Ohm’s law is AT = OR, 
where AT is the temperature difference across the part, 
R is the effective thermal resistance (reciprocal of the heat- 
transfer coefficient), and O is heat flow. The electrical 
Ohm’s law is E = IR. 
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ANALOG DESIGN 


The electrical analog is designed to simulate the re 
sponse of the actual thermal circuit. The warmup or initial 
response is the condition most difficult to duplicate, be 
cause some of the heat is absorbed by the cool mass of 
the part, and the rest is dissipated to ambient 
thermal circuit—with only a single mass to absorb heat 
is easiest to simulate because it has but one “time lag’ 
(time delay while mass absorbs heat). 

Thermal circuits with two or more separate masses to 
absorb heat have a separate time lag in each of the branche: 
and the mathematics can become unreasonably compli- 
cated. For such multiple-lag circuits, a_ trial-and-error 


\ simple 


Analogous Quantities 


. 
Thermal Electrical a 


Unit of heat ES Btu Charge, Q 


Coulomb ' 





+ 


Coulombs /sec 


Potential, E Volts 


Heat flow, Q Btu/min. Current, I 





: Temperoture, T °F 
t 








Resistance, R- |F per btu/min| Resistance, R | 


Ohms 
=< indilinadiuag 





Copocitance,C | Farods 





Capacity, C Btu/°F 





. 


REPRINTED—Circle P49, inside back cover 





ONE-MASS AND TWO-MASS thermal systems re- 
spond differently during initial heating or othe 
transient changes. The one-mass (single-time-lag) 
system has simple exponential curve. The two-lag 
system combines responses of two masses. The 
single-mass curve easily can be expressed mathe- 
matically for use in an analog, but the two-mass 
curve—far more complex—is better handled on the 
analog by trial and error. 


Singie-lag Thermal Circuit and its Electrical Analog 


(Single Mass to Absorb Heat) 


Temperature, °F 


i) 
oO 
oO 


= 
oO 


10 15 


Time, minutes 








Actual tank of oil 
being heated 


/mmersed heater 


ACTUAL HEAT FLOW is more 
complex than indicated, but this 
short-cut method gives reasonably 
accurate answers. Temperature T, 





Block diagram of 
actual heat flow 


Ambient +E : 
(70 F) is effective resistance from heater 


is heater temperature, assumed 
constant. Thermal resistance R 


element to oil in tank. R, is effe« 
tive “leakage” thermal resistance 
from oil to ambient “Heat ca 
pacity” is heat needed to rais¢ 
temperature T,. of oil 1 deg F 








[iE 


Battery 


Analogous f 
electrical schematic 











approach is more practical. These are the two basic tech 
niques: calculation (for one-mass single-lag thermal cit 


cuit); and trial-and-error (for two-lag circuit. 


SINGLE-LAG CIRCUIT (TANK OF OL) 


Heat flow (heater-to-oil-to-ambient) can be simulated 
by electrical current (schematic in illustration above) if 
heat capacity of the oil is known, and relationship be 
tween average oil temperature Ts and time can be estab 
lished by test. 

It is assumed that oil weighs 100 Ib, tank mass is 
negligible, heater temperature T, is exactly 500 F, final oil 
temperature is 400 F, and oil specific heat is 0.65 btu 
per deg F. Heat capacity C is 100 x 0.65 65 btu/°] 
'emperature-time data is plotted at top of this page. 

Effective values of thermal resistances R: and R: can be 
calculated by simultaneous solution of two basic equa 
tions: 


For initial response— 
Time constant/C = R,R./(R; + R) 


where “time constant” in minutes is the time required to 
reach 63% of the oil’s final average temperature. lime 
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nt (from test data) is five minutes for this exampl 


For final state (when oil reaches 400 ! 
1 70 l'n — 70 R,/(R; + R 
Heat flow has “leveled-out” because oil has absorbed it 
maximum amount of heat and circuit has only resistance 
left 
Substitute known 
stant in the above equations 
R,R./(R, + R 5/65 = 0.077 deg F per btu/min 
R,/(Ri + R 330/430 = 0.767 
Simultaneous solution shows that R 0.1, R 0.33 
deg F per btu/min 


values of To, _C and time con 


In designing an electrical analog, select electrical quan 
tities that are easy to produce and measure Practical 
values are: 1 v for each 10 deg F; 10° ohm for each | 
deg F per btu/min.; 10° farad for each btu/°F. But 
remember that the basic equations are affected by these 
“scaling factors.” The equation for the final state be 
comes: (E>, 7 (Ey 7) R R + R, be The 
initial response equation becomes: time constant, sec 
C x 10°) (R, x R, x 10°)/(R, + R 


Response time of the electrical-analog circuit will be 
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Actual Thermal System Analogous Electrical Circuit 
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SIMPLIFIED ELECTRICAL CIRCUITS show trical ground is analogous to ambient ai re 
basic heat-flow pattern of each thermal system sistors represent conduction and convectior 
by analogy. Electrical potential and current flow-paths, and capacitors simulate thermal 
are analogous to temperature and heat. Elec- absorption ability of mass 


10° sec for each minute of the actual temperature re he warmup curve f 1 two-ma 
sponse. For instance, substituting 0.1 and 0.33 megohms hown on facing page By substitutit qu 
for R, and R,, and 0.65 microfarads for C, the time con pulse) electrical generator for the ballery in the electt 


Cali 


stant becomes 5 x 10° sec instead of 5 minutes. This inalog, the buildup and decay of voltage vs time 

high speed is one of the main advantages of the analog observed with an oscilloscope. Careful manipulat 
method. Many different combinations of temperature can the variable resistors will usually reshape the elect 

be tried on the analog in a few minutes, whereas testing ponse curve to correspond with the actual temperat 
the actual tank would take hours. response curve 


TWO-LAG CIRCUIT (METAL BLOCK IN OllL) 


1 


he absolute values for resistance obtained by this trial 


ind-error method will not necessarily be correct, but t 
This thermal circuit (see sketches above) is the sam« constants and ratios of input and output volta 

is the single-lag oil tank, except that another time delay correct—satisfying the basic requirements for an ele 

a block of metal extending above the oil surface—has analog 

been added. The metal block is a “load” on the original 

circuit, simulated by a capacitor and resistor as shown in ACKNOWLEDGEMENT: The author wishes to credit tw 
the sketch. fellow engineers who worked on this project: Dudley D 


ges wil 


Nye for his initial concept of the similarity betwee! 
thermal and electrical units, and Phillip M. Connaught for 
his assistance and criticism 


Though it is almost impossible to predict the values for 
the two additional resistances, it is a simple matter to ex- 
periment with variable resistors until the right combina 
tion is found. For even more versatility, the capacitors 


For REPRINT of above article, just check P49 on 
can also be made variable. 


Reader Service cards bound in this issue 


EDITOR’S NOTE: Two recent heat 59, p 54, shows how to estimate Pneumatic-electric Equivalents, Aj 
transfer articles solve thermal prob- whether an assembly will run too hot, 4 '60, p 52, describes 


52, air devices that 

lems in more conventional ways and whether the self-cooling methods challenge electron tubes and resistors 
Infrared for Heating a Product, Feb of radiation or convection can handle for control functions. 

1 '60, p 39, compares radiant heating the trouble. Fluid Amplifier, Mar 14 ’60 i 

with convection, conduction, induction reports on pneumatic amplifier that 

and dielectric heating. And these recent articles covered has no moving parts, uses jets of 
When Air Is the Coolant, Feb 16 pneumatic-electric analogies to get 100:1 


p 


power amplificatior 
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for cold-heading applications .. . 


WHICH COPPER ALLOY? 


To help you choose, the author ran special tests on the 

most common cold-heading alloys—and a few of the less 
common. His results, in ready-reference chart form, show 
the choice is wider than you think. 


R J CHRISTINE, metallurgical manager 


Torrington Division, American Brass Company 


©opper alloys are ductile and easily work-hardened, and several features making it a useful guide to th 
these two characteristics—common with most metals whos per alloy for the job 
crystals are face-centered cubes—make them popular for 
old-headed parts n this process (see “Basics of Cold First: Each alloy is shown in two standard tempers, A 
Heading,” top of | work-hardened wire is drawn (4 hard) and B (4 hard). These designators denote th« 
into a heading machine and upset to the shape d amount of mechanical strengthening the alloy has been 
red. The problem is: which copper alloy to choose subjected to before cold heading. Though it is assumed 
among the many that are available? This article breaks that the cold-heading process itself enhances these prop- 
lown 14 suitable alloys into 6 basic groups, and explain erties, the pre-heading values are widely used in design 
the main factors controlling selection of one group over to be on the conservative side. The A and B tempers are 
nother obtained by wire drawing: temper A represents about 20% 
The copper alloys grouped in the accompanying tab cold reduction; temper B slightly under 40%. For these 
the most widely speci xr cold heading tests, a coil of each alloy was drawn to 0.250 in. dia, an 
Comparative data on the lloys are rd to find, so a nealed, then half was drawn to a ready-to-finish size of 
es of tensile tests on the liste lloys was run to 0.153 in. dia and the other half to 0.175 in After re 
liminate mill-processing variables as much as possible inneal, both half-coils were drawn to a final wire size of 


I'he table, which gives the results of these tests, 0.139 in.—a common size for small parts. 
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Mechanical Properties of Copper Cold-heading Alloys 





Alloy Group Nominal Composition, % 


Prop. Limit, 0.2% Offset 
Temper | 


Tensile Red. Plasticity 
Strength, Area, Index, 
psi x 1000 % To 


psix 1000 Yield Str., 


psi x 1000 





90 Cu, 10 Zn 


85 Cu, 15 Zn 


me} 80 Cu, 20 Zn 


70 Cu, 30 Zn 


43. 
57 


51 
64 


2s 


49. 
62 


$5. 
71. 


50 
65. 


57 
76 


gs Xs 


51 
70 


63. 
82 


oo oo ow wo 


he 





10% Ni. 88.35 Cu, 10 Ni, 1.25 Fe, 0.4 Mn 
ae. ie ve hs 
sei 
ee etme ee 


79.5 Cu, 20 Ni, 0.5 Mn 


has t~ 


52 54 
76 79 


57 60 
69 74 


BL 8a 





see aso ae 
ae ate el 


Sa A 





72 Cu, 9.75 Zn, 18 Ni, 0.25 Mn 


65 Cu, 22.75 In, 12 Ni, 0.25 Mn 


57 60 
64 67 


58 67 
81 86 


Sf SB 





94.75 Cu, 5 Sn, 0.25 P 


91.75 Cu, 8 Sn, 0.25 P 


89.75 Cu, 10 Sn, 0.25 P 


60 
80 


64 
90 


73 


$8 8s We 





99 Cu, 1 Pb 


40 
48 





98.25 Cu, 1.5 Si, 0.25 Mn 





54 
67 


$3) 8s 








Second: The table lists a “plasticity index’—a useful 
indicator of the amount of cold work a given alloy will 
take. This index is the ratio of proportional limit to 
A low 
value of the index says that a large part of the total stress 
range to fracture is devoted to deforming the alloy plas- 
tically. Thus an alloy with a low value flows more easily 
during cold heading, and parts made from it can be de- 
signed with greater shape complexity. For best formabil 
ity, a low plasticity index should be coupled with a high 
percentage reduction in area—to minimize shear fracture 


ultimate tensile strength, expressed in percent. 


Third: The effect of alloying elements on mechanical 
properties is clearly seen in the table. The main purpose 
of alloying copper is to increase ultimate and yield 
strengths, making a nominally weak material suitable 
for structural applications. Alloying has other important 
effects (see next column), but the table shows how 
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thev influence the balance between increased strengtl 
ind formability in the cold-heading process. Zinc addi 
tions, for example, give substantial strength improvements, 
while retaining a good formabilits 


l 


low plasticity index 
with high reduction in area). In selecting the proper cold- 
heading alloy, this interplay is usually the major consid- 
eration, with factors like corrosion resistance, color, sur 


face finish and cost playing secondary roles 
What Alloying Elements Do 


Addition of a second element, or a series of elements, 
to basic copper affects the crystal structure so that flow 
in certain directions becomes difficult except by going to 
higher stress levels. ‘The effect depends not only on the 
element added, but its proportion in the matrix. Here, 
briefly, is a description of the influence the major alloying 
elements have on the engineering behavior of copper metal 


43 








ALLOYING MAKES COPPER MORE WORK- 
HARDENABLE, as shown by these load-strain 
curves for five brasses with different zinc con- 
tent. Each alloy was drawn, before tensile test- 
ing, to the same temper B (% hard: 37% reduc- 
tion). Note how 0.2% offset yield load (stress 
at dashed-line intersection) increases steadily 
with zinc content. At 30% and 35%, both yield 
and fracture loads are about equal, though form- 
ability is not the same, as shown by experience 


Zinc added to copper forms the brass family, with 
low brasses containing up to 20% zinc, high brasses up to 
about 35%. Adding zinc accentuates the work-harden- 
ing characteristic of copper—as the load-strain diagram on 
this page clearly shows: the more zinc added, the higher 
the yield strength obtained for a given amount of prior 
work hardening. 

Malleability decreases with more zinc, but the choice 
for cold heading is sometimes hard to make among al- 
loys of similar zinc content. A good example is 65/35 
commercial yellow brass—its percent reduction in area is 
almost identical to that of 70/30 cartridge brass. One 
way to resolve the choice is to compare load vs strain 
for the two alloys: the curves above comparing the two 
show significant difference in their plastic-deformation 
behavior, 

Increasing zinc content also affects other properties 
'hermal and electrical conductivity decrease and color 
changes from the reddish hue progressively to the green- 
ish yellow normally associated with brass. Both low and 
high brasses are subject to some dezincification when ex- 
posed to conducting solutions, and the high brasses tend 
to have trouble with stress-corrosion cracking—particularl 
in the presence of amine solutions. 


Nickel can be added to copper alone or to copper-zinc 
alloys. When used by itself as the principal alloying in- 
gredient, in the cupronickels, its purpose is primarily to 
improve resistance to stress corrosion and corrosion fatigue. 


Added with zinc, the element forms another alloy group 
the nickel silvers. 


Here, the main purpose is to control 
alloy color; as nickel content increases, color moves from 
normal brass shades to silver-white. Nickel also helps 
retain good surface smoothness, important where subse- 
quent plating is specified. Although corrosion resistance 


a4 


8 


con) 
° 
Oo 


Load, pounds 


8 


Strain, percent 


WHICH IS MORE DUCTILE—30% zinc brass or 
35% zine brass? These load-strain curves on the 
two alloys in temper A (% hard, 18% reduction) 
show 70/30 cartridge brass is slightly more form- 
able—because it begins to flow plastically sooner 
than the 65/35, yet continues to deform to a 
higher ultimate load. Thus the plasticity index 
(table, p 43) is lower. This, combined with higher 
percent reduction in area, makes 70/30 a better 
choice when shear is a major factor. 


is improved as with straight cupronickels, dezincification 
can still be a problem. Though both cupronickels and 
nickel-silvers have high percent reduction in area, their 
slightly higher plasticity index tends to limit their use in 
cold heading to parts requiring exceptional corrosion 
resistance. 


Tin is the principal alloying element in a group of al- 
loys most often termed phosphor bronzes. High tensile 
and yield strengths are the major contribution of tin addi- 
tions, along with excellent fatigue resistance. Electrical 
and thermal conductivities drop quite sharply as tin con- 
tent increases. ‘Tin content also imposes limitations in two 
types of service environment: Under thermal shock, there 
is a tendency to cracking, particularly if the part is under 
appreciable load; stress corrosion may occur when tin con 
tent is high, though stress-relieving before use minimizes 
this problem. For cold heading, the biggest advantage of 
phosphor bronzes is their favorable combination of low 
plasticity index and high reduction in area, second only to 
the straight brasses. Note, however, that for a 10% tin 
alloy given temper B (see table) the percentage reduction 
in area is low, indicating susceptibility to shear fracture. 


Lead enhances machinability of copper by acting as an 
embrittling agent, correspondingly reducing the percent 
reduction in area but with little effect on the plasticity 
index. For cold heading, this means that even though the 
plastic range is great, there is a limiting amount of work 
hardening that can be reconciled with shear strength. Lead 
added to copper seldom exceeds 1%, can go as high as 
4%. These alloys are not recommended for shapes where 
shear forces are predominant in the cold-heading operation 


Silicon in amounts of 1 to 4% not only adds toughness 
to copper but improves ductility. Thus silicon bronze has 
a combination of plasticity index and reduction in area 
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m@ Cold heading is a high-speed process 
that controls flow of metal within the 
confines of predetermined die shapes. 
This controlled flow is the antithesis 
of the competitive screw-machine proc- 
ess: The screw machine removes 
metal to obtain the desired end-product 
shape; cold heading, instead of wast- 
ing material, redistributes the stock 
into the desired shape. Coiled rod or 
wire is fed through straighteners into 
the heading machine where it butts 
against a stop and is sheared to length 
before forming in the dies. 

The actual forming of the blank or 
slug is usually accomplished by a com- 
bination of a body die and a punch, 
although there are three other ways: 
the head can be formed wholly inside 
the body die, between the body die 
and punch, or within the punch (see 
sketches). The versatility of die de- 
sign allows for intricate parts to be 
formed by one blow of the punch, or 
by a combination of blows in multiple- 
station heading, with two-blow head- 
ing being most common. Hollow sec- 
tions can be formed by flowing the 


old heading, and i 

irticularh 
equipment 
less rapidh 
ontent, 

rf the »¢ alloys ondan 

forming of threads 

Upset Ratio Is Important 


From data in the table and the 


of alloying elements, it’s clear that all the alloy groups se- 
lected represent ductile material suitable for cold heading. 


Often, however, the precis 
ct 
the ipproximate amount 


required to form a given upset 


pressed as the upset ratio, the ratio of final upset diameter 


; 


that of the original wire diameter 


ratio ar¢ mtrolling 


e When the ratio is 2 to 3, onlv one 


usually necessary 


Anv alloy from the table, in am 


well suited to impact ap 
where very low temperatures are 
Lower 


than those with higher 


previous discussion 


strength level needed or the 
service conditions are not known 
f cold work that will be 
Chis can be simply ex 


Three values of the 


or two blows are 
ind the choice of material is not critical 


tempers, 


The Basics 


Drive pin 


Body de 


Punch 


Part 


formed by Punch Bc dy die 


metal over a mandrel, as in the case 
of an extruded rivet. 

For simple parts like screws, rivets 
and bolts, cold heading has no compe- 
tition. With speeds up to 400 pieces 
per minute and higher, the process is 
cheap and fast. Die sets are not expen- 
sive and set-up time is relatively in- 
expensive. Utilizing large coils of 
wire, the set-up delays are held to a 
minimum. Scrap is incidental and not 
a factor in the process. 

The use of secondary operations and 


silicon bronzes be necessary. 


preferred when cold-headed parts illoys to stick and 
rations like roll ing, it is 


favorable 


duction 


l 


Then, the best temper (3 hard 


in the upset 


temper 


¢ For upset ratios over 5, multiblow 


Progressive 
lubrication problems becaus« 


n area be sel 


Sample Problem 


ilternates for refining the 


Sim 12 : . 
1/35U cartridge Drass 


65,000-psi tensile strength 


hoices: either 90 


the versatility of the process allow 
headers to compete against parts tra- 
ditionally made by screw machines. 
Closer-microinch finishes can be ob- 
tained by cold heading without in- 
creasing costs. Another large factor 
in the competitive edge is the delivery 
schedule. High-speed headers can run 
off a million pieces in a minimum of 
time, include secondary operations, 
and still offer very close delivery. Prop- 
erties are improved by cold heading, 
often an important factor. & 


ing must be employed and annealing between blow 


he ide Ts 
of 


1) +} 


gall in th 
hat 
recommended that 


} 
combination of plasticity 


ted from 


Selection of an alloy for a 


job Assume 


in upset 


times the wire diameter is specified, ising a witrt 


I 


with int 


By trial heading 


that the heading machine won’t handle it without 
Inspection of the table 
10 or 85 


15 red bra 


A third choice would be t 


ness on the 


will be suitable 


three 


e When the ratio approaches 4.5 to 5, two or more the tin bronze 


blows are necessary and 


EDITOR'S NOTE: Articles on applica- 
tion of copper and its alloys to various 
engineering problems include 

For Best Results with Printed Wir- 
ing, Apr 4 60, p 57—Once choice has 
been made over conventional wiring, 
article gives answers for specific de- 
sign problems based on latest indus 
trial experience 
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material becomes 
ritical. See sample problem in the adjoining column 


: 
selection of 


Copper Alloys for Those Smal! Tubu- 
lar Parts, Feb 2 ‘60, p 44—Easily 
drawn, swaged, flared, pierced, bent 
and joined—copper alloy tubing can be 
shaped to solve many design problems. 

Manganese-Copper High-damping Al- 
loys, May '56, p 135—Addition of up to 
38% copper gives manganese unusual 


damping capacity and provides an 


choices will do A logical choice 
group. It 
percent reduction in area and moderately low 


index, a good co 


70/30 below temper A to 
tively widening the plastic range But 


must be in the neighborhood of 65,000 p 


would 


combines strength with 
nioct; 
| ld 


yination for cold heading 


alloy that has the 
and can be hot Oo! 


strength of ste 
cold-wovked 
many methods 
Colored Finishes for Copper, Dec ‘5t 
p 135 
tainable 


Discusses natural finishes ob 

through combinations of 
chemical conversion and mechanical] 
treatment of surface. Details given on 


each process 





MEN, METHODS and IMAGINATION 


Successful product engineering—from first 
idea to production run—depends most on 
the men and their ability. But they must 
have a strong engineering management to 
back them up with facilities, trust, and a 
versatile organizational structure. An ex- 
clusive interview with a top design execu- 
tive came up with this valuable advice to 


engineering management. 


RICHARD M KOFF 


Assistant managing editor 


Saar wits Men: The most important product of an 
engineering department is not drawings or specifications 
or prototype models—it’s ideas—and man is the only one 
who can produce ideas. 

Start with a project manager (or chief engineer, or proj- 
ect engineer, or whatever the title in your company). He’s 
the key man because he is in complete charge of the 
attack on any particular problem. He must be technically 
able, yes, but his primary responsibility is administrative. 

Once the problem has been defined (more about this 
later) and the decisions made about quality or quantity, 
direction, cost, budgets and so forth, the project manager 
is on his own. A project requires this singleness of direction 
and purpose because as day-to-day problems arise and are 
solved it is very easy to get sidetracked, bit by bit, until 
the result has no resemblance whatever to the original 
goals. This chipping away at the goal can only be resisted 
by starting with a clear concept in one man’s mind. 


The Reactionary Manager 


And so the most important function of a project man- 
ager is to recognize and maintain the planned pattern of 
development—to resist changes in the original specifications 
—to be, in effect, the most reactionary man on the staff. 

To help him in this (and, salesmen to the contrary, an 
enthusiastic engineer is nearly irresistible) you can provide 
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1 formal progress report. The report carries the usual 
progress information but it should also include a cleat 
statement of the original goals and require detailed 
explanation of any suggested amendments. Putting the 
reasons for changes on paper has a remarkably inhibiting 
effect on project wandering. 

Obviously not every engineer is cut out to be—would 
even want to be—so reactionary. But there are plenty of 
other jobs just as important to project success. Good R 
& D comes only from good R & D people. Good design 
comes from a different man altogether. Put an R & D 
man on design work and you're going to be in serious 
trouble with delayed schedules and knee deep in experi 
mental prototypes. Put a design man on R & D' and 
he'll be so bogged down in details a project will never 
really get off the ground 

These aptitudes are nontechnical. Personality and char 
acter have far more to do with what a man likes and can 
do best than education or experience. And these aptitudes 
can be measured. Psychologists have devised tests—if you 
can define your needs clearly enough—to separate the 
R & D man from the designer or administrator. They are 
remarkably successfu] at it and any company that does not 
use them is overlooking an important service. Where the 
staff is large enough to require a full-time personnel man- 
ager, get a psy chologist for the job. 
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The Project Definition 


You've got your staff and each man is in his best posi- 
tion. Now what? How do you start? 

Someone suggests, just dig in. The salesmen or your 
customer have defined their needs, the staff should figure 
out a way to satisfy them. 

This is the biggest cause of product failure today. Few 
salesmen and no customers are capable of defining their 
needs in objective terms. They're too close to the problem, 
too influenced by past experience in the field, their 
customer’s complaints, their competitors’ successes. They 
are hamstrung by internal company policy and unaware of 
advances in other fields that might apply—with revolu- 
tionary results. 

So first you analyze the project. Is it research? Develop- 
ment? Design? Define the problem and its goals—not 
necessarily the means of achieving the goals. That’s for 
R & D to suggest. Is the problem chronic and beyond 
control? Imaginary? Attributed to the wrong causes? Are 
the goals realistic? 

If you can get people to just sit and think about defini- 
tions and specifications rather than their own ideas of 
how the product should look—or what their competitor’s 
product is—then you’ve made a long step to objectivity. 


The Technical Survey 


But even so, few people know what they want, much 
less what they need. And this applies in the engineering 
and commercial world just as much as it does on the con- 
sumer market. So some companies make a full-fledged 
technical survey. The technical survey is similar in prin- 
ciple to the market survey but is only secondarily con- 
cerned with marketing or selling aspects. 

(he technical survey is made by engineers. Their job 
is to specify a succesful product—its function, perform- 
ance, competition, price and, if possible, its predicted 
cost for the proposed manufacturing plant and method. 
hey must pay close attention to in-the-field aspects. Who 
uses the product? What maintenance and spare parts are 
necessary? What will be the effect of life and downtime? 

It is vital to get the right man or group to do the sur- 
vey. The man must have a completely open mind. He is 
a reporter more than an interpreter—a sponge, not a filter. 
Put a design engineer on a technical survey and he will 
invariably come back with a confirmation of what he 
wants to do. 

This is not a conscious deception. The same forces 
operate on him as on the salesman. They cannot help 
knowing the answers before they start—or at least reaching 
an opinion—and this will subtly influence the phrasing of 
questions and the selection of material for the final report. 

The technical survey must be a fact-finding expedition. 
Later, committees will evaluate and make the decisions. 

The survey group finds out what people in the field 
think about tomorrow’s needs. This is a predictive report 
and so they must interview or do library searches to dis- 
cover what research is being done, by whom and how 
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soon it will reach a commercial stage. As a sideline the 
survey group may do an economic analysis of production 
equipment for the anticipated product. Capital investment 
must be weighed by the same standards as any other cash 
investment. 

All this information is gathered and reported. The 
methods, committees and applied imagination then needed 
to reach final decisions have been discussed in the many 
excellent management texts available. They don’t need 
repetition here. But there is one more important point 

Desiga is a continuing problem. It does not stop at 
some fixed place or time and announce with finality that 
the product is now, and will continue to be, optimum. 

The world of raw materials, components, labor, is in 
a constant state of flux and Purchasing or Manufacturing 
cannot know how to swing with the tide. Only Engineer- 
ing knows the reasons for the many individual decisions 
along the way to the final design. These decisions were 
based on facts at that time. Changed facts must be taken 
into account as they occur, and “taking into account” is 
an engineering function. This responsibility must be 
clearly and explicitly assigned. 

This also applies stringent requirements on the original 
designers. As far as possible they must pursue all the alter 
native paths toward optimum design, taking into account 
the various situations in which Purchasing, Manufacturing 
or Sales may later find themselves. In effect, Engineering 
makes many designs—not one—and clearly delineates th: 
circumstances in which each is optimum. 

It may not be easy to get manufacturing engineers t 
give up these priveleges, or responsibilities of “taking into 
account.” Traditionally they have taken great pride in 
this redesign function. But such men should be con 
sulted in the original design. Their contributions are part 
of true product development. They must assist in th 
preparation of detailed purchase specifications, clearly in 
dicating the limits of acceptable performance as well a 
the economy-versus-cost relationship. They must be cer 
tain that parts, methods and materials used in the proto 
type are truly representative of the later production run 

Engineering must be able to set up a preproduction run 
under its own supervision. Production models, as near as 
possible, represent the final product and can be use- and 
environment-tested to prove the correctness of design. 

Engineering then releases a set of drawings and instruc- 
tions that are detailed and complete. The product will 
perform as specified. 


EDITOR’S NOTE: Three related articles will be of interest 
to engineers facing the problems discussed here: 

How Good Are Engineering Aptitude Tests? Nov 30 ‘59 
p 32—testing agencies and personnel departments tell what 
the tests are like and offer some warnings to the unwary 

The Technical Survey—Why and How, June 15 59, p 38 
the systems engineering approach to market research on 
radically new technical products. 

The Yardsticks for Research Success, Oct 19 "59, p 34 
three indices of new product profitability used by top man 
agement. 
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Austin 


The 850 combines and simplifies the components that nor- 

mally detract from the usable volume of a car. This provides 

a comparatively large passenger space for such a small (55- 

J) OS: Sia in.-wide by 120-in.-long) car. Combining the engine, trans- 

mission and differential into one transverse package minimizes 

PACTNE the space required for the power train. The rubber springs 

—— at front and rear reduce to a practical minimum the space 

| : required for suspension components. The Austin Motor Com- 
pany Ltd, Longbridge, Birmingham, England. 





VARIABLE-RATE SPRING consists of a rubber element 5.25 in » 
dia and 3.25 in. deep. This is sandwiched between a small conical 
stamping attached to the suspension link and a larger conical 
stamping attached to the chassis. Movement of the suspension 
wedges the smaller stamping into the rubber spring. As the cone 
is wedged deeper into the rubber element (under full-load condi 
tions, for example) the spring rate is increased. By varying shape 
of the cone, the relation between movement and displacement of the 
rubber can be varied to change the spring rate by more than 2:1 
The rubber spring provides a high load capacity in relation to size 
and weight, plus a hysteresis characteristic permitting use of a 
smaller than usual shock absorber. Each unit weighs approximately 
2.0 lb (0.72 lb for steel stamping; 1.28 lb for the rubber spring) 


Jaguar 


The Mark 2, 3.8-liter sports sedan is designed to give comfort 
of a 4-door sedan with performance of a sports car (225-hp, 
120-mph top speed). Combining such qualities in a car 
approximately the size (180 in. long) of the US compacts, 
requires particular attention to suspension and power trans- 
mission. Produced by Jaguar Cars Ltd, Coventry, England. 
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REAR SUSPENSION springs are semielliptic cantilevers 
with rubber inserts between ends of the spring leaves. The 


rear of each spring is rolled into an eye enclosing a rubber- 


steel bushing—bolt through this bushing connects spring and 
a bracket welded to bottom of the rear-axle tube. A rubber 
pad on the front end of the spring bears directly on an in- 
clined plate bolted to the chassis. No suspension members are 
needed behind the axle, thus increasing usable volume. Cen- 
ter of spring is clamped between rubber pads at the chassis 
rear. Torque arms (large rubber-steel-bonded bushings at 


each end) are fitted between two brackets, one welded to top 


of rear axle, the other welded to a body crossmember. These 
torque arms control position of rear axle during bump and 
rebound, Lateral position of axle is controlled by a rubber- 
mounted track rod fitted between axle and-chassis. 


i 
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ENGINE PACKAGE is mounted transversely 
front wheels. Power is transmitted from the 
through a single-plate clutch. A helical gear 
over and rotates on the input shaft to the clutch, drives 
The primary trans 


ahead of the 
crankshaft 


which slides 


the transmission through an idler gear 
mission shaft lies directly beneath the crankshaft; secon 
same pl ine 


differential 


dary shaft is forward of the primary but in the 


Also in same plane, but to the rear, is the 
connected to the transmission by spur gears 
From the differential 


shafts through a pair of bonded-rubbe 


is transmitted to the h 


Hooke 


common res¢ 


powell 
joints 
light-alloy finned sump serves as a rvoir 
oil lubricating both engine 
replace the 
differentials 


and transmission. Spur gear 


spiral-bevel ring and pinion usually used 


This eliminates need for hypoid lubri 
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LIMITED-SLIP DIFFERENTIAL prevents spinning of 
either rear wheel if it leaves the road or loses traction 
(on ice, sand, oil patches). Heart of slip-control system is 
divided cross-shaft, which permits pinion to move trans- 
versely to operate clutches that control the axle shafts. 

When car is traveling straight ahead, driving forces 
move the cross-shafts up the ramp of cams cut in the differ- 
ential housing. This applies a load to the clutch plates and 
restricts the differential action. The torque ratio between 
the axle shafts is then based on the friction in the differ- 
ential and the load applied to the differential. 

When car turns a corner, the differential pinion gears 
become a planetary set with the side-gear on the inside 
of the turn becoming the fixed gear of the planetary. The 
outer side-gear overruns because the outside wheel travels 
a greater distance. The pinions are forced to rotate but, 
since they are restricted by the two side-gears, they move 
tr cross-shafts back down the cammed surface, relieving 
tLe load on the clutches. Full differential load is thus 
restored and the wheels are free to rotate at different 
speeds. 


Differential 


Differential 
-shoft 
housing Cross-shofts 


housing 
wv Cam 
Pinion pd Pinion 
Y a 


Tr?) j 1/4 
iy Side | | 0/ 


gears 


Cross-shofts 
0) Com 


C5 


Friction 


~¥ 
plates ay 


MY 


bed “HEE 
; | | ig 
\\ \\\ Segal F 


ide 


» 
o/ YS 
, ‘ , gears 
i ~ 
4 (—~h 


| 
nies 








PRODUCT DESIGNS 








europe’s 
new cars 


feature 
COMPACTNESS 
with Lancia 


CO mfort FLAMINIA and APPIA models are produced in a variety of body styles by the 
manufacturer and independent body-makers. The Flaminia is powered by a 
V-6 engine and incorporates the transaxle shown below. The Appia series 
incorporates the square-four engine, illustrated at bottom, with a conventional 
live rear axle and differential. These components are used in cars ranging 
from 162 to 191 in. long and capable of carrying 2 to 6 passengers. Developed 
by Lancia & Co, Turino, Italy. 


THE TRANSAXLE combines clutch, transmission differ 
ential and brakes in a single unit attached to the chassis 
by rubber shock mounts. Swing axle transmits driving 
and braking forces to the rear wheels, which are sus- 
pended on longitudinal leaf springs. A curved tube and 
track rod, mounted behind the transaxle, control wheel 
spacing and positions. 

Single-plate or automatic clutch transmits power to 
the 4-speed, synchromesh gearbox. Differential is flanked 
by finned brakes and universal joints for the swing 
axles. Among the many advantages of the transaxle 
design are; better ride and roadability because of the 
improved sprung/unsprung weight ratio; reduced hump 
or tunnel in passenger space, possible because drive- 
shaft does not follow wheel movement; improved weight 
distribution achieved by moving clutch transmission 
package to rear 


SQUARE-FOUR ENGINE is actually a 
narrow, staggered-V arrangement with 
one cylinder head. This shorter engine 
can be mounted in a much smaller space, 
providing more room for passengers in 
the front seat. Short crankshaft has two 
main bearings and four connecting-rod 
throws. Heavy reinforcing web at center 
does not support crankshaft but stiffens 
crankcase, Overhead valves are actuated 
by chain-driven dual crankshafts, through 
pushrods and rocker arms. Trans- 
verse valve arrangement provides ade 
quate space between pushrods for intake 
and exhaust passages. Connecting rods 
are split diagonally to allow piston and 
connecting rod to be withdrawn upward 
through the cylinder. This permits re- 
pairing pistons and connecting-rods with- 
out removing the crankshaft. The 1099-cc 
(66.5 cu in.), 8:1 compression-ratio engine 
develops 54 bhp at 4900 rpm. 
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THESE 9 WAYS FOR... 


SHAPING 


VULCANIZED FIBRE PARTS 


EARL A RUSSEL, chief engineer, Spaulding Fibre Company, Tonawanda, 


The properties of vulcanized fibre, one of the oldest 
plastic materials, are well known (PE—Feb '57, p 194) 
but precise information on how to design parts from this 
low-cost material is harder to find. What forming methods 
can be chosen? What limits do these methods impose on 
design? How can vulcanized fibre parts be joined? How 
does moisture affect their dimensions? This article gives 
the answers to these and other questions, along with a 
brief description of the material and how it’s made. 


What Is Vulcanized Fibre? 


Its primary properties—high strength, abrasion resist 
ince, and toughness—result from an irreversible catalytic 
chemical conversion of fibrous cellulose that occurs when 
a cellulosic sheet is dipped in zinc chloride. Plies gelatin 
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ized by the ZnCl are laid together for the desired thicknes 
the chemical reagent is leached out, and the sheet or roll i 
dried and calendered smooth. 

Resulting fibre product has a characteristic grain direc 
tion because the paper machine that makes the cellulosi 
sheet orients more fibrous material lengthwise than cross 
wise. This gives directional properties as shown in Table | 
the table also lists the three standard grades—commercial 
bone and electrical insulation—which vary in characteris 
tics because of different degrees of gelatinization. Pro 
longed chemical action breaks down more of the cellu 
lose structure, giving higher density, hardness and wear 
resistance. 


Moisture is both a blessing and a problem for vu 
canized fibre. Its natural moisture, about 6%, giv 


’ 
( th 
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material toughness, resilience, and forming qualities. Re 
duce moisture content, and the material can warp, shrink 
and become hard and brittle; increase moisture, it tends to 
warp, expand, and lose stiffness and electrical insulating 
properties. How fibre adjusts its moisture content to the 
surrounding atmospheric humidity is seen in Chart A. 
Dimensional changes resulting from these adjustments can 
be predicted from Chart B. A good rule of thumb for 
design: For each percent change in moisture content, ex- 
pect 1% change in thickness, 0.25% change in width, 
and 0.1% change in length. 


Which Fabrication Process? 


Vulcanized fibre is sufficiently ductile to be formed by 
many common metalworking methods: swaging, spinning, 
extrusion, flat punching, drawing, bending, or folding 
Preconditioning or preheating of the sheet is sometimes 
necessary for these processes, depending on shape, thick 
ness and amount of distortion required. If the part cannot 
be formed dry in cold dies, the part may require (1) dwell 
time, dry, in heated dies, (2) prewetting plus dwell time 
in heated dies to restore normal moisture content. Precon 
ditioning and heated-die forming add to cost. Here, 
method by method, are data you will need to design parts 
for minimum cost. 


Bending should be done parallel to the grain of the 
fibre; min radii, as well as angle tolerances, depend on 
thickness. This relationship is given in Table II, which 
ilso shows when preconditioning and heated molds are 
necessary. As the table indicates, tolerances on 90 
bends are not close: there is too much inherent springback 
Overforming helps somewhat and closer tolerances than 
those given can be specified, but at greater cost in tools, 
if not in piece price. One low-cost way to hold better 
tolerances—design a bridge into the angle at intervals to 
stiffen the whole shape. Tubes can be bent to a limited 
degree; an inner bend radius of 10 times tube OD is 
about the limit. 


Drawing to a cup shape can be done in a simple punch 
press, with material dry, in thicknesses of 0.015 in. to 
0.030 in. to a depth of approximately # in. Deeper cups 
can be made by blanking and forming but with wrinkling 
varying with depth and diameter. For thicknesses of 0.030 
to ws in., wetting is required. Because severe draws require 
greatest wetting, they require longest drying time and 
therefore increase costs. A typical severe draw would be a 


TABLE |— TYPICAL PROPERTIES OF VULCANIZED FIBRE 
(for 1/16-in. stock; all properties slightly lower for higher thicknesses) 


FIBRE GRADE 
Electrical 
Commercial Bone insulation 


1.25 1.40 1.25 
Tensile strength, psi x 1000 7.5/13.5* 8/14 7,5/13.5 
Flexural strength, psix 1000 13/15 14/16 13/15 
225 225 350** 
65 85 65 


0.168 0.168 0.168 
0.403 0.403 0.403 


** For 0.005 to 1/32 in. thickness 


Property 


How Moisture Content Affects Fibre Dimensions 











4 6 8 10 12 
(A) Moisture content, % 

MOISTURE CONTENT of vulcanized fibre changes with 
ambient relative humidity. When RH changes, approximate 
change in moisture content may be read from above curves 
Additional curves, roughed in by interpolation, will give 
reasonably accurate figures for design Moisture content 
change is then used in Chart B to get dimension change 








4 6 

(B) Moisture content, % 
DIMENSIONS INCREASE as fibre picks up more moisture 
from the atmosphere. Percent change in H,O content from 
Chart A is entered on this chart and carried vertically to 
the appropriate dimension curve. For example On a 90 
day, RH drops from 67% to 51%, which dries vulcanized 
fibre so that its moisture content drops from about 8% to 
6% (Chart A) From Chart B, this causes a contraction 
of 7—5.3—1.7% in thickness, or 0.017 in./in. of thickness 


TABLE li — TOLERANCES FOR RIGHT-ANGLE BENDS 
(parallel to grain) 
Thick- Min inside Tolerance, 
ness, in. radius, in. deg 
1/32 1/32 + 5 


Process 
Predampen, punch, dwell in 
heated dies 
3/64 +10 Normal punch-press operation 

-— 5 
1/16 1/16 + § Soak, pile, mold in heated dies 
+10 Predampen, punch, dwell in 
- § heated dies 
3/32 + § Soak, pile, mold in heated dies 
5/32 +10 Predampen, punch, dwell in 
—10 heated dies 
1/8 + 5 Soak, pile, mold in heated dies 
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FIVE METHODS FOR JOINING FIBRE parts to each 
other or to dissimilar materials like phenolic laminates or 
sheet metals. Clockwise, from left: metal rivets, fibre 
tube-grommets, shrink fit (outer ring soaked in water to 
enlarge it, then dried in place), fibre rivets, and fibre 
tube-grommet combined with staking (spool in center) 


ive helmet wher in. stock is drawn 34 in. on a 


74-in.-dia opening 


Punching is done with two kinds of precision: Rough 
punching uses the lowest cost dies, is rapid and economi 
cal, but leaves a fractured raw edge and is limited to stock 
thicknesses through 4} in.; smooth shaving uses a contour 
die ground to a sharp edge that slopes away at 45°. The 
edge shaves stock when the part is forced into the dic 
while the latter is closing against a soft-steel die plate. 
[his produces smooth edges in parts up to 1 in. thick. 
Holes can be punched easily, but should be generally 
spaced from each other and from any edge by at least the 
thickness of the stock. Noncircular holes and counterbores 
should be made circular for machining when the stock 
thickness specified is too thick to punch 


Stamping letters and numerals into the surface of vul 
canized fibre in the punch-press operation produces per- 
manently legible markings with no increase in cost of the 
part. White or colored roll leaf characters can also be 
impressed into the surface to give color contrast at very lit 
tle added cost. Punched parts are also readily printed 
with rubber stamp. 


TABLE lli— TOTAL MACHINING TOLERANCES 
FOR BUSHINGS 


Turning OD, in. 
Diameter, in. Boring ID, in. (Box-type tool) (Form-roll tool) 


1/4 0.006 0.006 0.008 
1/2 0.006 0.006 0.010 
3/4 0.008 0.008 0.012 
1 0.008 0.010 0.015 
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Machining is usually limited to screw-machine opera 
tions on fibre tube or bar stock although flat stock too 
thick to punch is often drilled, counterbored or tapped 
Here, deep holes and threads should be avoided in a di 
rection parallel to fibre laminations. For screw-machin¢ 
parts, tungsten carbide-tipped tools work best, running at 
about double the spindle speeds used with ferrous metals 
Realistic tolerances for bushings are given in Table III 
These total tolerances have been adjusted for expected 
dimensional change due to fluctuating humidity, and can 
be split with more of the range on the minus than on th 
plus side (or the opposite). When machined or as-manufac 
tured surfaces must be knurled, a straight knurl (parallel t 
ixis of bar or tube) is preferable 

Swaging of vulcanized fibre is akin to cold heading 
in metals—the material is shaped in three dimensions bi 
tween metal dies in a punching operation, using cither 
flat stock or tubing. Fibre is much less ductile than metal 
so shapes designed for swaging must be much less com 
plex. Bushings, both electrical and mechanical, ; the 
most commonly swaged parts and most fibre manufa: 
turers have hundreds of dies available. Covering man 
diameters, these stock dies permit cost savings as high as 
50% over cost of machining the parts from rod or tubx 
stock. In many cases, stock dies can be altered slightly for 
new designs, lowering cost even further 

Most economical design of parts swaged from flat stock 
should follow the dimensional limits given in Table TV 
Keeping within these limits permits manufacture in 
single, inexpensive punch-press operation. Top or bottom 
surfaces may be curved to fit cylindrical or spherical hous 
ings as needed. Holes may be round, square or irregular 
in shape. 

Fibre tube is also ductile enough for punch-press swag 
ing. One end can be swaged inward to near closure, th 
precise amount depending on tube diameter, wall thickn: 
ind amount of wrinkling permitted as shown in Table \ 
Swaging a tube outward is more difficult because the 
material tends to tear. Grommeting is an extreme form of 
outward swaging—here an annular head is upset on the 
end of the tube. This technique can insulate openings for 
electrical leads in metal frames, or fasten fibre parts to 
gether. Grommeted flanges must not exceed #: in. reg 


d 
gard 
less of tubing OD and thickness 


Extrusion is an extension of the swaging process—her 
it does not refer to forming long lengths of the material 


TABLE IV — LIMITING DIMENSIONS FOR SWAGED BUSHINGS 





iad 


A 
in. 
eI Pte POE B— Not more than 50% 
RX i} of A 
. C—Not less t han 0.060 











in. 
D—-Not less than 0.090 
in. 





Not less than 0.060 





TABLE V — LIMITING DIAMETERS FOR 
INWARDLY SWAGED TUBING 


(Values are approximate; all dimensions in inches) 


t 


Diameter d after swaging, with — 
Tubing Minor Pronounced 
dia wrinkling wrinkling 
D for t equal: for t equal: 


32 1/16 3/32 1/32 1/16 


4 
6 


1/4 
1/2 1 
21 





1/ 
7 
1 


1 


__ 





TABLE VI— LIMITING DIAMETERS FOR 
OUTWARDLY SPUN TUBING 


(Values are approximate; all dimensions in inches) 


t 


Tubing Diameter d after spinning 
dia for t equal: 
D 1/32 1/16 3/32 


17/32 9/16 9/16 
1-3/32 1-1/8 
2-3/16 2-7/32 











with constant cross-section. It is used when requirements 
fall outside good design practice for swaging, or when a 
cavity is needed on one side of a bushing. For good design, 
the length of extruded shank should not exceed 40% of 
stock thickness, and should have a total tolerance of at 
least 0.015 in. 


Spinning provides a way of opening or closing the end 
of a fibre tube in a tapered manner. The end can be 
expanded this way about 10% of the original diameter, as 
shown in Table VI, or compressed approximately twic« 
the wall thickness. 


Folding, after scoring or creasing, allows flat stock to be 
easily folded into complex, rectilinear shapes—a switchbox 
liner, for example. Scoring is done by cutting about half 
way through the thickness of the material, so that th 
uncut portion acts as a hinge. This method is recom 
mended for thicknesses over 0.020 in. Under this thick 
ness, creasing is recommended. This is done by impressing 
the material with a thin bead at the bend line, and does 
not reduce insulating strength at the bend as scoring does. 
Both operations are performed with solid dies when fibre 
thickness exceeds yw in. Up to and including % in., 
inexpensive steel rule dies will suffice when wider toler 
ances are acceptable. 


Storing Vulcanized Fibre 


For best results, when parts are to be fabricated from 
vulcanized fibre or stock in primary forms of rolls, sheets, 
tubes or rods, the material should be stored so as to avoid 
extremes in either temperature or humidity. This will 
keep it in best condition for forming and fabricating, and 
avoid wide changes in dimensions or excessive warping. 

For such condition in temperate zones, precautions are 
needed only in the winter months. The outside relative 
humidity is at a good level all through the year, but inside 
heated rooms this humidity drops very low in winter 
months. Most trouble is caused by letting the moisture 
content fall well below 50%. 

This can be avoided in winter months by storing the 


fibre in an unheated room. It must be allowed to warm up 
in the fabricating department before forming, but this 
takes only a few hours, or a day at most. If full control 
of the storage room can be provided, a relative humidity of 
50% +5% at approximately 74 F is recommended as a 
mean condition 


Unusual Fibre Materials 


There are several variants of vulcanized fibre developed 
for jobs where conventional fibre, in its usual forms or 
sizes, is inadequate. Here are three such specialty mate 
rials: 


Laminated fibre, for machining complex shapes, was de 
veloped to reduce warpage and dimensional change in 
thick sections, and to extend available thickness to 4 in 
By conventional processing, top thickness is about 13 in 
and manufacturing time for thicknesses over | in. 1s 
lengthy—up to 1 year in some cases. By press-laminating 
vs-in.-thick plies of gray commercial-grade fibre with a 
moisture-resistant, non-arc-tracking, thermosetting ad 
hesive, stock is made available for large, intricate parts 
like arc extinguishers in high-voltage switch gear assem 
blies. 

Phenolic laminates and vulcanized fibre are laminated 
together to combine structural stiffness of the phenolics 
with the non-arc-tracking and arc-extinguishing character 
istics of fibre—which, by itself, is not acceptable as the sok 
support of a current-carrying part. The phenolic laminate 
core will retain its stiffness under moist operating condi 
tions. The composite laminate can be punched, and 
scored for folding up to #& in. thick. 


Rubber-surfaced fibre was designed for hermetic sealing 
applications where special properties of fibre were also 
required. Examples are combination oil seal and thrust 
washer for electric motors, capacitor-can top washers, and 
relay covers. Most elastomers that take adhesives well can 
be specified. 


For REPRINT of above article, just check P48 on one of the 
Reader Service cards bound in this issue. 





EDITOR’S NOTE: Recent articles on 
materials and processes that depend 
upon fibrous raw materials, either na- 
tural or synthetic, include: 


Which Process for Fiberglass-rein- 
forced Plastic Molded Parts, Jan 11 
60, p 47—special report selects 7 key 
processes out of the 15 available, ex- 
plains their strong and weak points, 


54 


and shows how one or the other be- 
comes the logical choice in most com- 
mercial volume applications. 

Coatings and Fabrics for Today’s 
Diaphragms, Oct 26 ’59, p 68—selection 
charts guide you to the right base fab- 
ric and elastomer coating for the job. 

Applications and Treatments for 
Felts, Mid-Oct ‘57, p C-8—discusses 


five treatments that give felts special 
properties and summarizes the engi- 
neering situations where they find use 


Fiber-base Structural Materials, Feb 
’57, p 164—ready-reference chart lists 
properties of three vulcanized fibre 
grades, compares them to those of six 
other load-bearing materials based on 
natural fibrous materials. 
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5 EXPERIMENTS IN TECHNICAL WRITING 


The authors decided to test these 
five “rules” of good writing. Some 
are true; others are not. 


JOSEPH H BLOOM and SETH A GOLDSTEIN 


Rensselaer Polytechnic Institute 


En these experiments, the general procedure was the same: 
two versions of a piece of technical writing—one the orig- 
inal version, the other the special variation (abstracted, 
summarized, repetitive, “easier,” or pictorial)—were pre- 
sented to the same or comparable audiences. Tests 
measured comprehension, reading speed, or retention. 


Are Abstracts Valuable? 


Should you always write an abstract for your report? 
Should journals insist on an abstract preceding the article? 

We tried to answer these questions by exposing the 
same audience to two versions of a description of aircraft 
detection systems. The abstracted version, though shorter, 
took comparatively longer to read (4 minutes for 572 
words in the abstracted version, compared to 14.5 minutes 
for 3100 words in the original). 

The key to this apparent contradiction lies in high 
“information density’”—an academic term defining content 
per given number of words. We found that the rapid 
reader suffers most from high information density. When 
we tested him on how much information he had absorbed, 
his score was lower than that of the slow reader. It would 
appear that unless he is told that he is reading an abstract, 
the fast reader often skims right past pertinent information. 

These results question the value of abstracts except for 
the purposes of information retrieval. It is possible that 
a lot of abstracting wastes the writer's time and many 
people object to reading such highly condensed material. 


Summaries: Useful or Not? 


In technical writing the abstract condenses everything 
from the beginning to the end, the summary picks out 
only the highlights or orients the reader to important 
facts. Reports, for example, usually have summaries at 
beginning and end. Therefore, the same question raised 
in connection with abstracts can be asked here: Is too 
much emphasis being placed on the summary? 

We gave two versions of a piece of technical writing 
-one with a summary and one without—to the same au- 
dience and found that reader comprehension and retention 
improved noticeably when summaries preceded the main 
article. Apparently they soften that first rough contact 
with a technical subject. 


Do Repetition and Emphasis Help? 


All writers agree that a certain amount of repetition and 
emphasis of important facts is absolutely necessary. But 
too often, the technical writer confines this to the opening 
and closing statements of his article. He ends it there, 
hoping the reader can take care of himself throughout the 
rest. Well, the reader may—if he knows as much about 
the subject as the writer does. More often than not, he 
loses track of the salient facts in the mass of detail. 
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We found that reader retention increases with two 
practices: (1) constant repetition of important facts and 
ideas, and (2) highlighting these same facts and ideas with 
attention-getters—underlining, capitalization, charts, color 
l'o prove this, we presented three comparable audiences 
with three versions of a technical advertisement about 
textile dyestuffs as taken from a commercial magazine. One 
was the original as designed by the company; a second 
repeated important information over and over again; a 
third reduced the information to tables and listings. 

The result? The second and third groups, those receiving 
the repetitive and highlighted versions, retained consider 
ably more information than the first group. 


Do Shorter Words Increase Reading Speed? 


Not according to the results of these experiments. Two 
groups of college students were presented with a paper on 
a highly academic subject. It was full of abstract words, 
long sentences, and abstruse ideas. One group received the 
article in its original form—written for a college-level 
audience according to a popular reading formula. The 
other group read the same article rewritten for a sixth-grade 
level. Results showed that the reading speed and compre 
hension were approximately the same in each case and, if 
anything, the use of shorter words hampered the process. 

It might be concluded from this research that the best 
way to communicate is to use the level of your readers 
as a guide: don’t oversimplify a piece of copy that is to be 
presented to a high level audience, and, conversely, don’t 
go “highbrow” on what is to reach a lower level of readers 


Is a Picture Worth 1000 Words? 


Pictures or sketches may work both for or against the 
technical writer. Their effect was pointed up in the last 
experiment of our series. 

A building was described in words and one group of 
readers was asked to draw the floorplan from this verbal 
description. Another group was shown exterior views of 
the building and asked to draw the floorplan. There was 
one correct solution. Both groups came out with about 
the same number of correct plans. But the group shown 
the picture added, in many cases, things that were not 
asked for, indicating that their imaginations were mor 
stimulated than those in the first group. 

The technical writer can apply the findings of this 
experiment as he wishes. Sometimes it may be that this 
visual stimulation complicates rather than clarifies the 
reading material; at other times it undoubtedly enhances 
the total effect. 


Where These Experiments Are Heading 


Where will these experiments lead us? Admittedly 
the Rensselaer tests do need further application, and each 
academic year will add more to our understanding of the 
communication process. Some topics slated for the future 
will deal with the use of rigid outlines, technical reporting 
techniques, further study of readability formulas, and the 
human factors in writing. 


EDITOR’S NOTE: For more guidance in report writing 
see, Elght Steps to Better Engineering Writing, Sep 
through Oct 26, 1959. 





when to specify 


CENTRALIZED LUBRICATION 


It’s a matter of choosing among five basic systems. In 


his guide the author also lists eight factors that determine 


E J GESDORF, senior opplication engineer Whether centralized lubrication is preferable to point-to- 


The Farval Div 
Eaton Manufacturing Co, Cleveland 


ME achine maintenance, especially lubrication, is no 
longer the exclusive responsibility of the plant engineer 
and the grease monkey. Individual machines are becom- 
ing more complex and expensive. And the constantly 
increasing capital expenditures for new equipment are 
shifting an increasing amount of the responsibility for 
wear-prevention to the designer. One way to solve com- 
plex lubrication problems is to use a centralized system. 
Here are some guides to follow in determining when the 
cost of such a system is justified. 

In general, costs range from about $3 per bearing point 
for light-duty systems, to over $10 per point for heavy 
duty automatic systems. Costs depend on type of system, 
pumping unit and lubricant; type and number of bearings, 
interlocking aiid automatic devices; the number of flexible 
connections and length and size of piping runs. Each ma 
chine has its own requirements that need careful analysis 
before the exact cost per bearing point is established 

hen this cost, regardless of how low or high, must be 
compared to the cost of manual lubrication. Manual 
methods run as high as $4 in labor to apply $1 worth of 
lubricant. On the other hand, a central lubrication svstem 
can send a predetermined amount of lubricant to each 
bearing point, say, every 20 minutes for hundreds of oper 
ating hours, without need for manual attention. In 


Relie 
-—-AeS@rvoir 


point manual methods. 


such a case, even a price of $10 or more per bearing point 
could be economical. 


CHOOSING THE RIGHT SYSTEM 


Central lubrication ranges all the way from hand 
operated systems to those that are heavy-duty and 
automatically controlled, and are made in a wide variety 
of sizes and auxiliary accessories. Before deciding how 
complex a system to specify, consider how many of these 
idvantages are of importance 


1. Correct lubrication of every bearing 

2. Continuous high-speed machine operation 
3. Reduced repairs and longer machine life 
4. Increased productive output of machine 

5. No contamination of lubricant or product 
. Reduced operating costs 

Elimination of personal-injury hazard 
8. Lubrication of inaccessible or inconvenient 


For example, a spring-winding machine ma 
lubrication points, including cams, eccentri gears, pl 
and antifriction bearings, but require only a simple, man 
ual unit if it is to operate intermittently. Another exam 
ple: A high-speed printing or packaging machine would 
probably call for an automatic system with accessories uch 


as alarms, lights, signals and interlocking equipment 


ne 





SINGLE-LINE SYSTEM with 
spring-actuated valves must vent 
the pressure between cycles 





‘ 3-way valve Position 


REPRINTED—Circle P47, inside back cover 


j 
usa ta 


Position 2 Position 3 
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Position 3 


FIVE TYPES OF SYSTEMS 


Single-line, with spring-return valves, can be equipped 
with indicators and adjustments at each valve. With the 
pump operating, and the 3-way valve in charging posi- 
tion, a pressure in the line forces the piston in the measur- 
ing line to discharge the lubricant ahead of it into the 
bearing point. Pumping is continued until all valves have 
discharged. This is indicated by a poppet stem or pressure 


iZc 


gag 
I'o recycle, the hand lever of the 3-way valve is turned 
90° and the system exhausted through the relief line. 
his causes springs in the measuring valves to return the 


pistons for recharging. 


Progressive non-reversing, with slide valves, divides the 
pump displacement into several bearing outlets. These 
valves are progressive and nonadjustable, with a system in- 
dicator usually located at the pump. When the pump 
operates, lubricant is brought from the reservoir to the 


- Freservoir 
Relief line 
_-Pump 


4-way valve 











Position | Position 2 
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A PROGRESSIVE NONREVERSING 
SYSTEM uses valves to perform the 
eycling 





measuring valves. These valves are continuous-cycling < 


long as there is flow from the pump 


Progressive reversible-flow employs a loop system with 
measuring valves that have three line connections. I ubri 
cant is directed to each measuring valve through one inlet; 
pumping is continued until all measuring valves have 
operated, and flow of lubricant has returned to 4-way 


valve, where an indicator shows completed cycle 


Dualine alternates the pressure between the two main 
supply lines. ‘The measuring valves operate independently 
ind offer indication and adjustment for each bearing 
When the pump is operated with the 4-way valve in the 
position shown, p 58, lubricant goes from reservoir into 
main supply line 1, from where it is directed to top inlet 
of the measuring valve. To recycle, hand lever of the 4 
wav valve is shifted 90°. This directs the flow through lin 
2, which supplies lubricant to the bottom inlet of the 
measuring valve. 


PROGRESSIVE REVERSING 
SYSTEM has valves arranged in 
loop series with reverse flow for 
each cycle 


Position 3 





CHARACTERISTICS OF 





THEIR FEATURES 


1. SINGLE-LINE, SPRING-ACTUATED VALVE 


2. PROGRESSIVE, NONREVERSING 





Principle of Operation 


Lubricant 





Main System Elements 


Indication 


Measuring-valve Discharge 


Pump Discharge 


Pumping Equipment 


Application 








Piston displacement. Pressure moves pistons in one direction 
to discharge lubricant. Spring force returns pistons for 
reloading. 


Oil or grease 


Reservoir, pump, 3-way valve, main supply line, measuring 
valves. ; 


Available either with or without indicators at each measuring 
valve—depending on manufacturer's design. 


Piston displacement. Measuring valve divides flow of 
lubricant from the pump into several bearing outlets. 
System will cycle as long as pump is operated. 


Oil or grease 


Reservoir, pump, measuring-valve manifolds. 


Available at pump or measuring valves, depending on 
manufacturer's design. 





Adjustable and nonadjustable measuring valves ore avail- 
able, depending on manufacturer's design. 


Adjustable cycle frequency, fixed discharge per stroke. 


Manuva! and automatic (air power, hydraulic power, electric 
power). 


Small, single-purpose machines involving short pumping 
distances. Can add or remove points of lubrication con- 
veniently. 


Noncdijustable 


Adjustable cycle frequency, adjustable discharge per 
stroke. 


Manual and automatic (air power, hydraulic power, elec- 
tric power and power takeoff). 


Small and medium-size machines involving short pumping 
distances. Cannot add or remove points without destroying 
system balance. Cannot plug unused discharge ports. 








DUALINE SYSTEM 


the two line 


Single-line orifice-metering supplies a number of bear- 


ing points, each equipped 
ber of bearing points can 


pump displacement can be increased or decreased. 
ever, there is no adjustment at the orifices. 
can be located at various junctions. 


HOW MUCH LUBRICANT? 


For sleeve bearings it 


third the bearing-clearance volume should be. replaced 
every 4 hours for grease—or every 2 hours for oil. 

For ball or roller bearings the amount of lubricant re- 
quired is usually determined by empirical formulas that 
allocate 0.003 to 0.005 cu in. of lubricant per inch of 
this, 
bearing valve is determined, and the total of all bearing 
requirements becomes basis for selecting the system and 


shaft diameter. From 


size of pumping unit. 


58 


alternates 
the flow for each cycle between 











Jo 


iV 


bearing 











aS 





with a fixed orifice. The num- to analyze 
be varied to the extent that the 
How- 


Pressure gages 


l 


Procedure we use for a progressive nonreversing system 


bearing requirements, select valves and accesso- 


ries involves the following steps: 

Make a bearing list. 

Calculate bearing makeup volume in cu in. for each 
bearing. 

Calculate total system requirements. 


Make sketch of machine, showing location of lubri- 


is generally assumed that one- catio 


lubri 


the size of the individual Selec 


Selec 


n points with reference numbers. 


Divide the bearings into convenient groups, so that 


cant requirement and pressure drop to the 


various branches is as nearly equal as possible. 
Identify each bearing group with a letter. 
Calculate total requirement in cu in. for each group. 


t valves with capacities to satisfy both group 


manifold and the main line. 
Select suitable pumping unit 


t accessories 
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5 CENTRAL LUBRICATION SYSTEMS 





3. PROGRESSIVE, REVERSING 


4. DUALINE 


5. SINGLE-LINE, ORIFICE-METERING 





Piston displacement. Measuring valves are piped 
in a loop in series fashion. Lubricant flows in one 
direction, moving pistons to discharge lubricant. 
Reversing lubricant flow in main loop moves pis- 
tons in opposite direction to again discharge 
lubricant. 


Oil or grease 


Reservoir, pump, 4-way valve, main supply line, 
measuring valves. 


Indication is provided at pump only 


Nonadijustable 


Adjustable cycle frequency, fixed discharge per 
stroke. 


For large machinery—not generally used on ma- 
chine tools. Can add or remove lubrication points, 
bur cannot plug unused discharge ports. 


Monval and automatic (air power, electric power). 





Piston displacement. Pressure in one of two main 
supply lines moves pistons to discharge lubricant. 
System is recycled by building pressure in second 
supply line to move pistons in opposite direction 
and again discharge lubricant. 


Oil or grease 


Reservoir, pump, 4-way valve, two main supply 
lines, measuring valves. 


Each measuring valve has /ts own telltale indicator. 


Fully adjustable 


Adjustable cycle frequency, fixed discharge per 
stroke. 

Manual and automatic (air power, electric power, 
hydraulic power). 


For large, medium and smoll installations. Can 
add or remove lubrication points conveniently. 
Can plug unused discharge ports if desirable. 





Orifice metering. Pump discharges a quantity of 
oil into the main supply line. Metering units 
(valves containing fixed orifices) proportion cor- 
rect amount of the entire discharge to each bear- 
ing in the system. 


Oil only 
Reservoir, pump, main supply line, fittings, meter 
units. 


Pressure gage 
Nonadjustable 


Adjustable cycle frequency, 
delivery. 


adjustable pump 


Manual and automatic (power takeoff, hydraulic 
power, electric power). 


Light-duty, single-purpose machines. Can add or 
remove lubrication points, but must readjust system 
to compensate 








7rOne 
ie 


WHICH LUBRICANTS 


Lubricants should always be 


the bearing requirements 


of bearings are grouped into one lubricating system, it is 


to 
specifications 


necessary reconcile two or more 


In other situations 


needed. But a central lubrication 


total lubricant consumption, and upgrading of specifica- 
tion is not likely to increase lubrication expense 


EDITOR’S NOTE: For additional 
formation on lubrication: 

ASME Symposium—Wear of Lubri- 
cated Surfaces—Apr 13 ‘59, p 74. 
Gives special report on radioactive 
tracer technique to evaluate the effect 


in- 
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selected 
Where many different types 


In some instances, a high-grade lubricant 
specified for some bearings will be found suitable for all. 
an entirely different lubricant will be 
system 


ayy 
|| [Pe 


va 


Tywyy) 


bes 


to first satisfy 


ibility and 


lubricant 
haracteristics 


different 


or best results 


will reduce 


of lubricants in preventing wear. 
Guide to Lubricants for Instrument 
Balibearings—June 9, "58, p 66. Gives 
properties and performance character 
istics of 42 candidates and includes a 
review of significant military specifi- 


tems seldom make recommendati 
ever, they can guide the user as to t 
stability 


iffecting 


| 
lubricant handling ability gives the 
] 


SINGLE-LINE  orifice-metering 
system—one pump cycle—simul 
taneously all bearing 
points 


supplies 


In general, manufacturers of centraliz 


ys on lubricants 


feel this is the responsibility of lubricant suppliers 
P] 


he consi 


which 


stency, | 
requirements, 
lubricating 
the with th 


system 


ubricant selection. 


For REPRINT of above article, just check P47 on one of the 
Reader Service cards bound in this issue 


cations. Tables quickly locate desire 
specifications 

Selecting the Right Plain Bearing 
Lubricant—Mar '53, p 134. Guide se 
lects lubricating oils for various speed 


and loads 





SG INGENIOUS JOBS 
for ROLLER CHAIN 


How this low-cost industrial workhorse can be harnessed in a 
variety of ways to perform tasks other than simply transmitting 
power. More examples will be presented in a coming issue. 


PETER C NOY, manufacturing engineer 
Canadian Genera! Electric Co Ltd, Barrie, Ont 





1 LOW-COST 
RACK-AND-PINION 
device is easily assembled 
from standard parts 


| ig tilt ~~ a ae 
( ¢ o}(0o ) oO } | 
ISAIGOIAD 
< 


= + 














2 AN EXTENSION OF RACK- 
AND-PINION PRINCIPLE 
soldering fixture for noncir- 
cular shells. Positive-action 
cams can be similarly de- 
signed. Standard angle brack- 
ets attach chain to cam or 
fixture plate. L on ( clamped fo plate 

(floats free on 


culor periphery 


orive sprockels 














3 CONTROL-CABLE 
DIRECTION-CHANGER 
extensively used in 
aircraft 





O 
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4 TRANSMISSION OF TIPPING OR ROCKING MOTION. 
Can be combined with previous example (3) to transmit 
this type of motion to a remote location and around 

O obstructions. Tipping angle should not exceed 40° approx. § LIFTING DEVICE is simplified by roller chain 














Choin naoinsair 


inword pressure 


boards through 





slip clutch 


| 
| 
6 TWO EXAMPLES OF INDEXING AND FEEDING uses of roller chain are shown here in a setup that feeds plywood 
strips into a brush-making machine. Advantages of roller chain as used here are flexibility and long feed 
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FREE YOUR ENGINEERING STAFF 
FOR MORE CREATIVE WORK... 


BM 1620). occ: DESK-SIZE COMPUTER 


RELIEVES YOUR STAFF OF TIME CONSUMING WORK 
--» SOLVES WIDE RANGE OF SPECIALIZED PROBLEMS 


Problems that used to tie up your engineering staff for days can now be solved 
... with electronic accuracy . .. in minutes! The IBM 1620 is a low-cost, desk-size 
engineering computer that solves a tremendous range of routine and specialized 
engineering problems quickly and easily. The 1620 offers you an economical! 
way to increase staff productivity, helps pave the way for profitable growth 


The 1620 is easy to learn, easy to operate, easy to communicate with. It adapts 
readily to specialized and general problems such as design development, blend 
ing problems involving matrix arithmetic, research calculations with differential 
equations. It facilitates the development of mathematical models for plant and 
shop operation, and evaluation studies employing statistical techniques such 
as regression analysis. 


IBM also makes available a comprehensive library of mathematical routines and 
programs as well as reliable customer engineering. These services supporting 
the 1620 are an important part of IBM Balanced Data Processing. They make it 
easy for you to make full use of the 1620 in your operations without delay. Like 
all IBM data processing equipment, the 1620 may be purchased or leased. 


BALANCED DATA PROCESSING 


Dept. 805 

International Business Machines Corporatior 

112 East Post Road, White Plains, N. Y 

Please send me further information and complete specifications for 


the IBM 1620 Engineering Computer. | am particularly interested*in 
(engineering application 

NAME 

POSITION 

COMPANY 

ADDRESS 


criry 





SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 




















ERMAUST 


AIR INLET TO CYLINDER AIR EXHAUSTING FROM CYLINDER 











Exhaust air valve... 
has oversize internal passages and one-piece molded diaphragm and seal to provide 
quick, complete venting of exhaust air from cylinders and air-operated equipment 
Eliminates need for large-diameter piping and large selector valves ordinarily required 
to accommodate exhaust air moving back through system. Air moving through inlet 
port seats center section of diaphragm, closes exhaust port and unseats 12 holes that 
are spaced around periphery of diaphragm, permitting air to move into cylinder 
Max resistance is offered to air, as combined area of 12 holes exceeds inlet port area 
In exhaust cycle, inlet pressure is relieved by actuating selector valve in control circuit 
Cylinder return pressure building up over entire diaphragm area closes inlet holes and 
snaps seated section off exhaust port to permit quick evacuation of air 


5 


in any position. For g-in. pipe 


Operates 
Recommended operating pressures are 125 psi max 
Auto-Ponents Inc, 3001 Grant St, Bellwood, III. 

Circle 300 on Reader Service Card 


> psi min 


LOCKED UNLOCKED 


Self-sealing coupling . . . 

for use in low-pressure hydraulic, pneumatic and other systems provides positive locking 
and offers three check points to verify connection an audible click action, indicator 
pins that protrude externally when coupling is locked, and the position of indicator pin 
which can be determined manually. Couplings connect with single, one-hand movement 
hread action of nut gives mechanical advantage that permits connection against linc 
pressures ranging up to 60 psi. Yet coupling is reported not to disconnect accidentally 
even under forces applied in operation up to 20 
conhgurations. Aeroquip Corp, Jackson, Mich. 


g. Available in various end fitting 
Circle 301 on Reader Service Card 


64 


Governor detects low speeds 
below 100 rpm Based on differential 
measurement between known input speed 
and speed to be detected, centrifugal gov 
ernor is said to be capable of detecting 
speeds accurately as low as 4 rpm. A single 
or a high and low limit, can be detected 
on each speed. Unit operates on speed 
ilone, independent of voltage, load or 
other environmental factors. Reported to 
have service life to 1,500,000 cycles. Fur 
nished as completely housed unit. Can 
be incorporated into almost any circuitry 
Recommended for automatic shifting of 
machine-tool transmissions, protection of 
low-speed equipment, sequencing of auto 
mated systems. Torq Engineered Products 
Inc, Bedford, Ohio. 

Circle 302 on Reader Service Card 


Solid-state program timer .. . 
ounts timed impulses with decade cascade 
ystem similar to that of abacus. Cascade 
of six ring-counter decades counts each 
pulse of 400 cps tim base signal with 
millisee accuracy, to pinpoint 16 different 
operations within a million-count period 
f about 45 min 


hanged within a few minutes without 


Programing can be 
disturbing associated wiring or connections 
Operates on 22-35 v dc. Max current 
Weighs less than 9 Ib; 


x 8 in. Said to with 


drain is 0.2 amp 
mcasures 4.5 x 
stand temperatures of t to 230 F; 
100-g shock lasting 6 millisec; 15-g vibra 
tion at 60 to 2000 cps Suitable for pro 
graming any sequence of events, such as 
automated eperations in testing, process 
ontrol of manufacturing. Price, $10,000 
Jordan Elec- 
tronics, Div Victoreen Instrument Co, 
3025 W Mission Rd, Alhambra, Calif. 
continued on page 66 


Circle 303 on Reader Service Card 


each. Delivery, 60 days 
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SPECIAL INTRODUCTORY OFFER 


to new members of the 


MECHANICAL ENGINEERS’ BOOK CLUB 


——————ee 





Publisher's Publisher’s Publisher's 
Price, $8.50 ~ eee Price, $8.25 Price, $8.50 
¢ Club_ Price, Club Price, = 4 Club Price 

eS ae ant $7.25 : $6.95 ' Pasa | $7.25 

of Machinery by C. W. Formulas for Stress and Strain Mechanism by J. S. Beggs. Prac 

Given t you wit 3 ,. E. J. Crane, and W. L. by R. J. Roark. Third Edition tical methods of analyzing cor 
| Fourth Edition. Methods Ready manual of formulas and plex mechanisms and solving 

Charter Membership da and theory in all major facts pertaining trength of mechanical design problems 

of mechanics materials 





Pe ea oe aii a al Tete ee 


a 
> 
Publisher’s Publisher’s Publisher’s Publisher's Publisher's 
= Price, $9.50 Price, $8.00 ‘ Price, $9.00 Price, $7.00 Price, $7.5 
oe Club Price, . | Club Price, a Club Price, Club Price 
. ; $6.80 . . $7.65 $5 


Club Price 
“ $8.10 = : 95 $6.40 


Applied Mathematics for Engi- Epoxy Resins by H. Lee and K Modern Physics for the Engineer Professional Engineer's Examina- Welding Encyclopedia by T. B 
neers and Physicists by L A Neville Complete guide to the by L. N. Ridenour, Examines phy tion Questions and Answers by Jefferson t 

Pipes, Second Edition. Practical field covering chemical prepara sical science on which modern ~ 
help in solving physics and eng on and industrial applications. engineering is based for 
heering problems 





Edition. Complete 
LaLonde. Quick, easy hely eta n over 2000 welding sut 
passing cense examinations 


HANDBOOK of FASTENING and JOINING of METAL PARTS 


By V. H. Laughner and A. D. Hargan (Publisher's Price, $15.00). For every 
and joining problem, here is your idea book for instant help. Gives 
your designs into low-cost production 


metal fastening 
scores of tips to speed 


How many of the books shown here do you wish you had immediately at hand? 


Select one of the 8 books listed above AS A GIFT bother of searching and shopping, and save in co onl $1.00) and one as your firat selection I 

or, if you prefer, choose the Handbook of Fasten about 15 per cent from publishers’ prices coupon below Take advantage of this offer 
ing and Joining of Metal Parts for ONLY $1.00 Send no money now. Just check any tw ret two books for less than the regula 
your introduction to membership in the Mechanical books you want—-one FREE (or the Handbook for 
Engineers’ Book Club me ome eee cee ee ee ee ee ee ee ee oe oe oe 

If you're missing out on important technical ~ 
literature—if today's high cost of reading curbs 
the growth of your library——here’s the solution to 
your problem. The Mechanical Engineers’ Book Club 
was organized for you, to provide an economical 
technical reading program that cannot fail to be of 
value to you 

All books are chosen by qualified editors and 
consultants. Their thoroughgoing understanding of 
the standards and values of the literature in your 
field guarantees the authoritativeness of the selec 
tions 

How the Club operates. Every second month 
you receive free of charge The Mechanical Bn 
gineers’ Book Club Bulletin. This gives complete 
advance notice of the next main selection, as well 
as a number of alternate selections. If you want 
the main selection you do nothing; the book will 
be mailed to you. If you want an alternate selec- 
tion . or if you want no book at ali for that two 
month period .. notify the Olub by returning 
the form in the envelope enclosed with your Bulletin. . 

fe ask you to agree only to the purchase of pore + 


three books in a year. Certainly out of the ‘arge NO RISK GUARANTEE If not completely satisfied, you may = . 


number of books in your field offered in any twelve | return your first shipment within elding Encyclopedia, So. ‘ 


Check here if you want the Hand 
¢ Fastening and Joining of Metal 
’ mly $1.00, and check one 
. taal £ ‘ , On listed below as your first 
The M s’ Book Club PE-5-2 selectior 


330 West 42nd Street, New York 36, N. Y., P.O. Box 97 — oR — 





Please enroll me as a member of the Mechanical Engineers’ | 
Book Club. I am to receive my FREE book, or the Handbook 

for only $1.00, along with my first selection—-as I have indicated | 
at the right. You will bill me for my first selection only at the 

special club price, plus a few additional cents for delivery. (The Roe . ~— santa | 
Club assumes this charge on prepaid orders.) Forthcoming selections ‘ . . | 
will be described to me in advance. I need take l . c ‘ 

or alternates in 12 months of r it hip. (Offer goo on Mechanism, $7.2 | 
PLEASE PRINT Applied Mathemat 

- eers & Physicists, $8 | 
Name . oxy Resins. $6.80 | 
| 
| 


Address orn Physics for the Engineer 


Zone 


Engineer's Exam 
ons and Answers 


months there will be at least three you would buy days and your membership will be canceled 
anyway. By joining the Club you save yourself the 
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COMPONENTS °« 


MATERIALS « 


PROCESSES 





Self-tapping setscrew .. . 
gathers metal and plastic chips into ov 
size flutes. Cutting-in action takes place 
it lower three threads of screw. Can also 
be used for sizing poorly tapped holes and 
for insertion in paint-filled holes. Slabbed, 
slotted or socket heads are available. Set 
Screw & Mfg Co, Bartlett, Ill. 


Circle 304 on Reader Service Card 


All-nickel forming dies, 
patterns... 
and other geometric shapes are mad 
gas deposition technique that uses nick 
PE—Apr 11 60, p 21 Mold 
ing process, which eliminates machining 
produces pure nickel shells, backed « 
Said to be 
25% cheaper for producing complex 
shapes with compound curves. Method 
produces pattern or die that is exact dupli 
ate of Finished product is r 
ported to be highly resistant to abrasion 
sand 
iluminum, bronze and chrome vanadium 
steel. Carbonyl nickel has fine grain stru 


ture 


arbonyl 


unbacked with steel plate 


master 


surpassing abrasive resistance f 


surface smoothness and nonadhesion 
) other metals. Tensile strength is rate 
$5,000 to 95,000 Ib. Delivery of shapes 
4 to 6 wk. Budd Co, Carbonyl Metal 
Products Div, 904 Ridge Pike, Consho- 
hocken, Penna. 

Circle 305 on Reader Service Card 
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Filtered orifice . . . 

is for service to 3000 psi and 800 F. Stain 
less steel unit filters small quantities of 
line residue integrally with lubrication or 
flow-metering orifice. Orifice 
0.001 to 


001 


§17es 
dia, 


Aluminum units are also avail 


range 


from 0.032 in within 


able. List prices from $10 to $75. Delis 
ery, 4 to 5 wk. Research Products Inc, 
Box 125, Wallingford, Penna. 


Circle 306 on Reader Service Card 


Stackable pressure transducers 
include absolute, gage and bi- and uni 
directional differential pressure transducers 
Subminiature units have compensated tem 
perature range of —65 to 250 F. Ambient 
temperature 100 to 275 I 


Nonlinearity and hysteresis is less than 


limits are 
+0.75% of full-scale output. Units each 
Absolute 
range of 0-5 to 0-5000 psia, providing 42 
to 56 milliv nominal output with 7 
or a 


weigh about 4 oz models have 
v da 
excitation. Gage units range from 
0-5 to 0-5000 psig. Rated for nominal 
output of 30 to 40 milliv.with 5 v de or 
ac excitation Bidirectional differential 
types vary from +2.5 to +25 psi. Rated 
for +20 milliv nominal output with 5 
Unidirectional differ 
ential units have 0.5 to 0.1000 psi rang: 
Output is 40 
tation Statham Instruments Inc, 
W Olympic Blvd, Los Angeles 64. 


Circle 307 on Reader Service Card 


de or ac excitation 


milliv at 5 v dc or ac exci 


12401 


Plunger-type fastener 
assembly .. . 


fastens panels, doors, drawer fronts and 
other sections Composed of molded 
grommet and a metal plunger, both of 
which remain captive in removable panel 
or door. To fasten, assembly is inserted 

Pressing 
plunger forces grommet fingers to expand 


through hole in fixed section 


on inside of hole to greater diameter than 
hole itself. Retraction of plunger col 
lapses fingers, permitting assembly to b 
withdrawn. Grommet construction enabl« 
it to float and to overcome 
of holes 


misalignment 
ommodates range 
of thicknesses. Hartwell Co, 9035 Venice 
Blvd, Los Angeles 34. 

Circle 308 on Reader Service Card 


Single size acc 


Miniature electrical switch . . . 
is said to cost about one-third than 
industrial commercial] 
switches of its 
manufacturing 


less 


conventional and 


class because automati 


technique molds switch 


continued 





mechanism right into phenolic case. Cover 
is then snapped on. Rated 10 amp for 
across-the-board use. Also said to be less 
than one-half the size of conventional 
switch. SPDT device is available with pin 
plunger, lever action or bushing mount 
List price is 68¢. Appliance and Automo- 
tive Div, Controls Co of America, 9555 
Soreng Ave, Schiller Park, Ill. 

Circle 309 on Reader Service Card 


Four hydraulic power pumps... 
capable of developing 10,000 psi contin 
uous pressure are powered by self-con 
tained, } hp, 115 to 230 v ac, single-phase, 
onstant-speed (1725 
Have 
per min at 
and automatic 
30 cu in. per min. up to 10,000 psi 
four 
started 


pm), capacitor type 


electric motor pumping capacity 


of 150 cu in. pressures up 
150 psi changeover 
volume in ali models is 
Motor 
load while ram is held in position under 
pressure. Furnished with outlet block hav 
ing two % in. NPT and pipe outlets for 
Series 
outlet 


control 


sable oil 


260 cu in can be under 


pressure take-off and return con 
ists of 
block 


valve for high-pressure ram advance only 


basic power pump with 


power pump with two-way 


wer pump with four-way control . valve 

high-pressure advance and low-pressure 
turn of 
ype, four-way control valve for high-pres 


ram; power pump with spool 
ure advance and low-pressure return of 


ram. Greenlee Tool Co, Rockford, Tl. 
Circle 310 on Reader Service Card 


Shuttle valve .. . 

with no-time-lag poppet, is for operating 
with forged 
Pressurizing either of 


pressures to 3000 psi alu- 


r 
minum-alloy body 


opposing controls flow and gives 


ports 
ro leakage to closed port. Service is 
gases with 
p 165 I 
Inlet ports are for }-in. line and outlet port 

for #-in 
based on 0.118-dia equivalent sharp-edge 
rifice Marotta Valve Corp, Boonton 
Ave, Boonton, NJ. 


Circle 311 on Reader Service Card 


for hydraulic fluids or inert 


r 


erating temperatures of —65 to 


line Capacity of valve is 


Zero-leakage checkvalves .. . 
are constructed with O-ring seal that pro 
vides leakproof seating at high or low 
pressures. One-piece valve is for service 
up to 5000 psi. Standard 


is from —65 to 275 F 


temperatur« 
Proof test, 

Standard 
For pipe sizes 


range 


7500 psi hydraulic pressure 
ac king pressure 18 ] ps! 
from 4 to 1 in.; 
Made in 


ind steel 


tube sizes from 4 to | in. 
brass, aluminum 
four 


stainless steel, 


Available in styles: with 
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female pipe connections at both ends, fe 
male tube connections at both ends, male 
pipe connection on inlet and female pipe 
onnection on outlet, or male tube con 
nection on inlet and female tube connec 
tion on outlet. Quality Control Corp, 
7315 Wilson Ave, Chicago 31. 

Circle 312 on Reader Service Card 


Rubber terminal-block covers 
in choice of neoprene, Buna-N or silicate 
rubber are produced in three basic forms 
One type is flexible casing with wall 
between each terminal pole and outer wall 
that is slit to allow wires to be guided 
through wall to terminals. Pegged edge 
of terminal block fits into receiving holes 
of cover to secure it in position Second 
type is for barrier strips. Cover fits firmly 
into place because divider between each 
terminal is grooved to receive terminal 
strip wall Third type is thimble-type 
terminal cap for use over individual ter 
ninal pole Opening at either side is 
molded into curved, protruding shield 
rA Mfg Corp, 4607 Alger St, Los An- 
geles 39 


Circle 313 on Reader Service Card 


Differential relief valve .. . 
is zero-leak unit for high-pressure, pneu 
—65 to 275 F. Used 
equipment when 
helium and other gases must be held for 
long periods without leakage. Said to crack, 
flow and reseat with min pressure loss 
At 6500 psi +100 psi crack, valve re 
seats at 6300 psi min 


matic service at from 


on ground support 


Handles pressures 
to 6500 psi and flow of 10 cfm of helium 
Inlet is 4 in.; outlet is } in. Connections 
can be AND, IPS or Aminco. Vinson 
Engineering & Sales Corp, 8044 Woodley 
Ave, Van Nuys, Calif. 

Circle 314 on Reader Service Card 


One-part 100% epoxy 
adhesive .. . 

requires short heat curing to form bond, 
stable at 392 F, higher in certain instances 
Adheres to metals, ceramics, glass, cement 
and other temperature-stable materials. 
Also is excellent insulator with high di 
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electric strength and low loss factor. Me- 
tachem Resins Corp, 530 Wellington Ave, 
Cranston 10, RL. 

Circle 315 on Reader Service Card 


Flexible pressure hose .. . 

is comprised of precision-drawn inner cor¢ 
tube of inert polyamide formulation over 
which is braided a synthetic covering to 
Black plas 


tic is extruded over inner components to 


provide high burst resistance 


form an abrasion-resistant outer sheath 
Can be used with all fluids normally en 
countered Immediately available with 
ore tube ID of %& in. in *&-in. incre 


ments through 2 in 


Reported to be com 
petitively priced. Synflex Products Div, 
Samuel Moore & Co, Mantua, Ohio. 


Circle 316 on Reader Service Card 


Urethane, two-part 

adhesive ... 

has high resistance to oils and solvents and 
develops strong elastic bonds to leather, 
natural and synthetic fabrics, cork, wood, 
nylon, phenolics and many other plastics 
Mixed working life is about 18 hr. Can 
be applied by brush, spatula, doctor knife 
or roller coater. Under normal room air 
temperatures, assembly of parts can be ac 
complished in 25 to 60 min. after adhesive 
is applied. B B Chemical Co, sub of 
United Shoe Machinery Corp, 784 Me- 
morial Dr, Cambridge, Mass. 


Circle 317 on Reader Service Card 


ie 


One-piece, high-pressure seals 
for toggle switches, pushbuttons and ro 
tating shafts that pass through panels and 
housings are made of 
bonded chemically and mechanically to a 
locknut. Said to meet requirements of 
MIL-B-005423A and MIL-B-19257. Op 
erating temperature range is — 160 to 500 
F. ‘Toggle switch boots are available in 
three models, each in a range of thread 
sizes, to fit all standard toggle switches 
Pushbutton boots are furnished in four 
standard models, with special adapter to 
accommodate larger sizes Rotary shaft 
seals can be supplied for shafts up to 4 
in. OD, with seven thread sizes available 
from stock. Metal Process Co, 1801 First 
Ave, New York 28. 

Circle 318 on Reader Service Card 


silicone rubber 


High-accuracy 
galvanometers .. . 

employ 14-kt-gold suspension tan 
ard units. Offer sensitivity t« mict 
imp per mm in bar and core-magnet mod 
els; short period of 3 sec; coil resistan 
from 20 to 1000 ohm. For original-equiy 
ment use, basic pomter movement ts aval 
able uncased, as illustrated, in a variety of 
forms, sensitivities and dynamic properti« 
Also available mounted in molded cas 
Winslow Co, 701 Lehigh Ave, Union 
NJ. 
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Bronze-bushed pillow block ... 
permits replacement of worn bushing 
liner, without removing bottom half 
housing from its support. Line includ 
split journal bearings (two-bolt) for stand 


ard = power-transmission-shaft s fron 


148 to 24% in.; ngid pillow blocks (four 
bolt) for shafts from 3y% to 8 in. an 


angle pillow blocks for all standard trar 
mission shafts. Dodge Mfg Corp, Misha 
waka, Ind. 


Circle 320 on Reader Service Card 


High-pressure synthetic 
Ra is 4 
onsists of seamless extruded inner tu 
of virgin polyamide material, a high-tensi 
strength polyester reinforcement and 
cover of extruder polyamide formulation 
Min burst pressure is said to be 9000 t 
12,000 psi, depending on size. Tempera 
ture range is 40 to 225 I Reported 
to offer up to seven times the flex-fatiguc 
resistance of SAE 100 RI wire-braid rub 
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continued 


ber hose; up to 24 times as much abrasion 
I 


resistance, and smaller OD than rubber 
G t A i 2 hose for equivalent pressure and ID size, 
60% lighter in weight Available in 
lengths up to 1100 ft in some sizes. Im- 


perial Brass Mfg Co, 6300 W Howard St, 
Chicago 45. 


a R 0 a L Fs M Circle 321 on Reader Service Card 


—check with “@ — 


Heavy-duty limit switch .. . 


is said to be suitable for applications where 
) travel speed is as high as 1200 fpm. Has 
Q forked operating lever made of high-im- 


pact-resisting plastic, which does not dam 


EAR PERFORMANCE to match the ever - increasing pk er shy Lg ty - 
power and speed of modern machines is a Fairfield Div. ashe Lee Rd. Cleveland 28. 
specialty. This is possible because Fairfield has long held ; Circle 322 xa antan Qartinn Gand 
a position of leadership in utilizing the most advanced 
methods, equipment, and techniques for producing better 
gears. By keeping apace with modern engineering trends, 
Fairfield renders an invaluable service to many of the Transistorized switchlight . . . 


nation’s leading machinery builders. is plug-in unit for low-voltage circuit tng 


If you have a gear problem, check with Fairfield. Our geting of neon indicstors. Incorporates 
engineers are well-qualified to give you expert recommen- switching function directly in one assem 
dations. CALL OR WRITE. bly with transistor driver Can also be 
supplied without transistor Switch is 
SPUR GEARS—Straight, helical, and  ZEROL—Sizes from 16 pitch, 114” dia., nonsnap, normally open, momentary-con 
internal. Sizes from 16 pitch, 1/2” to 1% pitch, 21” dia. tact unit, rated at } amp dc, resistive load 
dia., to 1% pitch, 36” dia. Eldema Corp, 1805 Belcroft Ave, El 
HERRINGBONE—(Fellows Type). Sizes 1. Ga Wen gue oc oT Monte, Calif. 
from 1/2" to 15” Circle 323 on Reader Service Card 
SPIRAL BEVEL—Sizes from 16 pitch, SPLINED SHAFTS — Lengths to 72°. 
1%" dia., to 1% pitch, 28" dia. DIFFERENTIALS — 3,000 to 500,000 
STRAIGHT BEVEL—Sizes from 16 pitch, inch pounds capacity. 
1%" dia., to 1% pitch, 28" dia. 

Note: All of the sizes above 


HYPOID—Sizes from 12” to 28" dia. are approximate 





FAIRFIELD 
MANUFACTURING COMPANY, INC. 


2305 S$. Concord Rd. Lafayette, Indiana ; 
TELEPHONE: 2-7353 ee 


FAIRFIELD | 


Ask for interesting, 
d illustrated bulletin 


Control kit... 

is for assembly of simple control said te 

idapt to most electrically measurable vat 
Gears and Differentials Made to Order for: ibles. Heart of unit is continuous-reading 
— meter-relay that permits simplified cir 
TRACTORS * HEAVY DUTY TRUCKS + AGRICULTURAL MACHINERY *« POWER SHOVELS AND CRANES 


uitry and instantaneous reset without use 
#AINING MACHINES * ROAD GRADERS © BUSES ¢ STREET SWEEPERS * INDUSTRIAL LIFT TRUCKS 
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COMPONENTS * MATERIALS + PROCESSES 
continued 
of interrupters or electronic circuitry. Suit 
able for relatively uncomplicated control 
application where only direct unamplified 
signal is available. Also in the kit are all 
parts needed for assembling complete con 
trol. Control action of continuous-reading 
meter-relay is directly linked to signal. Ad 
justable pointer sets signal limit. When 
indicating pointer reaches set poiut, it 
trips toggle contact on adjustable pointer 
Control action either begins or ends de 
pending on whether signal is rising or fall 
ing. Meter.relay is available in most dc 
and ac sensitivities and temperature ranges 
Priced at $97.50. Assembly Products Inc, 
Chesterland, Ohio. 
Circle 324 on Reader Service Card 


Measuring pocket 

microscope .. . 

offers 5OX magnification Glass etched 
reticle is calibrated for measuring 

by ( | in. divisions Estimates to 0.0 


be made Readings may be mack 


in can 
direct from retick Chrome reflector at 
of instrument reflects light on object 
eing examined. Price, $7.95 ppd. Ed 

mund Scientific Co, Barrington, NJ. 
Circle 325 on Reader Service Card 


65 


Solder and flux kit . . . 

facilitates experimental preproduction jobs 
that cannot be done with standard tin- 
leader solders. Consists of 16 varieties of 


continued on page 71 
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How to buy steel rings... 


consult with experienced maker 


Find out about his background experience manufacturing facil 
ities . . . how close he can come to meeting your specification: what 
engineering assistance he can provide 


put your plans in his hands 


When you have found this experienced, reliable supplier, send him your 
drawings. Give him complete details on materials, shape, tolerances you 
require, nature of application, and the performance you expect 


then let him assist you 


If Edgewater is your choice, you will find that we will follow your speci- 
fications exactly. If required, we can furnish engineering assistance and 
suggest the material, shape and size to give you the ultimate in perform 
ance and economy. 


want more details? write for the Edgewater brochure, which describes our facili 
ties, know-how, and range of sizes and shapes 


Edgewater Steel Company 


P.O. Box 478 - Dept. PE . Pittsburgh 30, Pa. 
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Yew One-Piece 


Coan eto k | 
with prevail 


ing torque 


— 


Three sectors of the tapered por- 
tion of the CONELOK nut are 
preformed inwardly (Fig. 1). When 
the Nut is applied to a bolt, these 
conforming sectors are elasticall . 
returned to a circular inethanes- tion contact area. . . . The closed oe to high, ag aey ash. 
fion and create an inward and stress path in the locking portion Se™bles * - nig phous 
downward pressure which pro- of the nut and the advantageous react: | ications Paprioyee ties 4 
duces intimate contact between distribution of locking pressure, re: ° ras «tm , Thee di 
the load carrying flanks of the nut produce a locking device of high '"°U9 7 ak po ” - 
and Bolt threads (Fig. 2). The fatigue life... and equivalent Tensions are standara. . . 

@ of the cone sector displace- locking force is exerted at only a Send for brochure which 

s conformity with the fraction of the stress of any slot- includes complete 

it and maximum fric- ted type locknut. CONELOK main- engineering specifications. 


tains its locking action through 
many re-applications. ... It is 


aE 


) National MACHINE PRODUCTS COMPANY 


Be teehee, Warp aer UE. bea 1 ee ee 





COAT 
felt 
cork 
fibre 
paper 
canvas 
labels 


gaskets For fluid adhesives: solvent rubber 
plastic cement, latex, phenolic cement, epoxy 
leather cement, glue, polyvinyl cement, for 
asbestos pressure sensitive, wet, contact and re- 


oe activating applications. REAR HOUSING for PORTABLE TV 


thin metal Coat sheets, die-cut and moulded pieces Precision Molded by SINKO 
latex foam V4" x 1VY2" and larger. Thicknesses “ie ely 


sheet rubber 003” to 4”. 3” to 60” wide rollers Of impact-resistant Marlex . . . a typical example of Sinko 
urethane Seam Benth ‘sabes ter at wm. Com engineering know-how and skill. Parts such as this are being eco- 
nomically produced in the many thousands per day in our large, 
modern, fully equipped plant. 


Let us bid on your next Plastic Molding job! 


S WE MOLD ALL THERMOPLASTICS . . . from 2 to 175 oz. 


sponge rubber veyors for production. 


MANUFACTURIN 
MACHINE COMPANY, INC. eben 
135 FRONT ST. - BRIDGEPORT 6, CONN, 


Tels. N.Y. City: LE 2-2010 © Boston: MI 38096 © Bridgeport: FO 8-2250 








Offices in Principal Cities Throughout the United States 
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continued 


soldering chemicals—fluxes, solder paste 
flux and dross removers and printed circuit 
board coatings—11 kinds of flux-filled and 
solid-wire solders in dispenser tubes and 
three different foil solders for making pr 
forms. Supplied in compartmented, wood 
kit. Price, $24, includes shipping. Avail 
ible beginning May 1. Alpha Metals Inc, 
56 Water St, Jersey City, 4, NJ. 

Circle 326 on Reader Service Card 


Digital time recorder . . . 

adapts on motion picture cameras for r 
ording of motion picture time sequence 
#f events. Heart of system is five-digit 

time counter available in time ranges be- 

tween 0.0001 and 9.9999 hr as well as 
’ 


11 and 9999.9 sec. Has automatic reset 


to zero capability. A 60-cps, 115-v, syn 
hronous motor drives digital recording 
lock and is controlled by auxiliary start- 
stop switch System is also for remote 
ontrol operation. Time data is displayed 
in lower right-hand corner in x + area 
Par Products Corp., 602 Colo- 
rado Ave, Santa Monica, Calif. 


Circle 327 on Reader Service Card 


of frame 





rae a 
Borr (pene Mt 


"l know the print is wet. The draftsman 
broke up on that last 


PRODUCT ENGINEERING + MAY 2, 1960 


Servomechanism 
Fundamentals 


LAUER, LESNICK and MATSON. McGrow-Hill 
Book Co Inc, 330 W 42nd St, New York 36 
6 x 9, 490 pp. $10. 


Chis enlarged edition provides in 
formation that will help solve prob 
lems in the design of automatic con 
trol devices and help achieve efficient 
systems. 

It presents the operating features of 
servomechanisms, and sets forth sys 
tematic procedures for the design of 
such devices. It also analyzes the ele- 
mentary forms of control systems, and 
such servomechanisms as those with 
viscous-output damping,  error-rate 
damping, and those with integral con- 
trol. Typical design calculations, and 
other general considerations are also 
presented. 


Characteristics of 
Engineers & Scientists 


LEE E DANIELSON. Bureau of Industrial Re- 
lations, University of Michigan, Ann Arbor, 
Mich. 5% x 9, 136 pp. $4. 


Subtitled, “Significant for their 


motivation and utilization’, this vol 


~ 


ume reports interviews with 277 non 
supervisory professional men doing 
research and engineering work at ten 
companies near Ann Arbor, so it is a 
limited study in depth rather than a 
survey. Among them, 65% were un 
der 35, 58% had baccalaureate degrees, 
53% had been with their company 
less than five vears, 65% had worked 
somewhere else, SO the group seems 
fairly typical 

Most of the study deals with sub- 
jective information received from the 
engineers and scientists as well as from 
their supervisors. They indicate that 
the engineer considers’ himself a pro- 
fessional. He should have technical 
competence, ambition, creativity, an 
alytical ability, and be objective, re 
quire minimum supervision and will 
ingly assume responsibility. The studs 
indicates the weak spots are individual 
ism, introversion and _ sensitiveness 
which conflict with the individuals’ 
expressed desire in many instances to 
rise to management levels. Of the 277 
270 are satished with their jobs 
higher than average, indicating that 
the ten companies are a_ preferred 
sample. Responses to questions in this 


irea show a high degrec 


rt 


Greatest sources of job dissat 


tion are problems in conducting 
search, clerical tasks, and problem 
Create 


problem of the young man is to a 


reporting, in that order 


just to the company. There are man 
other conclusions, plus suggestions 
mstruction 
If vou 
want to see yourself as others sce you 

here’s the book 


providing a documented 
manual for handling engineer 


Basics of Fractional 
Horsepower Motors and Repair 


GERALD SCHWEITZER. John F Rider Inc, 116 
W 14th St, NY 11. 6x 9, 176 pp, $3.90 
Through the eyes of the repairman 
or electrician, the fhp electric motot 
with its control elements becomes a 
simple and logical assortment of po 
tential trouble sources. In the book 
such basic parts are brought into focu 
Cher 


1 wealth of illustrative material show 


and can be easily understood 


ing motors and parts, and the book 


will be a good quick reference for an 


engineer faced with choosing motor 


Motors 


phase, capacitor, split-phase, repulsion 


included are: universal, 3 


shaded-pole 


Fluid Power Control 


BLACKBURN, REETHOF, SHEARER. John Wiley 
& Sons inc, 440 Fourth Ave, New York 16 
6 x 9, 710 pp. $17.50 


[his is a pioneer effort to present 
the fundamentals of the operation of 
power-control systems in which the 
working media can be either liquids o1 
gases. Both analytical and experimen 
tal approaches to the understanding 
of the 


lhe methods described can be applic« 
| 


fundamentals are presented 


to all industrial and military fields 
First, there is a good review of fluid 
properties and fluid mechanics. Th« 
second section, the heart of the book 
deals in considerable depth with th 
theory and practice of hydraulic con 
trol components, with emphasis 
control valves. The last two part 
scribe recent progress in the ust 
gaseous working fluids, especially hig] 
pressure pneumatics, with concepts 
system analysis and design. Given 
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SMALL CAPACITY 


This new line of Viking “656° motor-mounted pumps is 
expressly developed to meet the demand for compact, 


light weight and integrally 


designed for 


mounted units They’re 


ressure lubrication, filtration, circulation, 


transferring of liquids up to 7500 $.S.U. and 500 P.S.! 
All have the famous Viking ‘‘gear-within-a-gear’’ pump 


ing principle. 


® Steel fitted, bronze fitted, al! bronze 





Proven, Dependable, Rear-Projection Type 


IN-LINE 


A Model and Size for 
Your Every Requirement 


Series 10000 
Series 120000 
OUTSTANDING FEATURES 


All digits displayed on 
front viewing screen 


All digits uniform in size 
and intensity 


High-contrast viewing screen 
Digit style of your choice 
Colored digits of your choice 


DIGITAL 


DISPLAYS 





PRICES 


®@ Mechanica! seals or conventional packing 


® Single phase, 1750 R.P.M. motors—open or explosion 
proof—'V4, Vs, V2 or % HP 


® All sizes use same mounting flange bracket 


Individual units may be 
group assembied for panei 
mounting 


WRITE TODAY FOR 
COMPLETE SPECIFICATIONS 
Representatives in principal cities 


INDUSTRIAL ELECTRONIC ENGINEERS, Inc 


CIRCLE 207 ON READER SERVICE CARD 


For more complete information, write for bulletin SP-509X 
See the Viking Pump Display, 
Booth #824, Design Engineering Show, 
New York Coliseum, May 23-26 
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CARD 





-.-from MARSH / 


MORSH Small solenoid valves that 


fill a BIG order 
Designed to meet the need for 
SOLENOID 
VALVES 





positive-acting tight-seating 
valves for use on wide variety of 
media, including oxygen, hydro- 
gen, acetylene, etc. 


Two Types: 
Conduit type and grommet type. Port 
sizes 1/8” and 1/4” NPT. 


Ten orifice sizes: 
3/64" through 1/4”. 


Wide range of voltages: 
Standard with 115 V. A. C. but also 
available in 12, 24, 208, 230, 460 V. A.C. 


Pressure to 540 psi. 


Small, but with more strength in 
the Marsh manner. Coils never 
overheat. Entire assembly leak 
tight. Remarkably quiet oper- 
ation. Cleanable without breaking 
connections. Used in any position. 
Bodies either brass bar stock or 
18-8 stainless steel. All moving 
parts stainless. Underwriters’ ap- 
proved for use on oxygen and hy- 
drogen and as safety valves. 


MARSH INSTRUMENT COMPANY 
Dept. 39, Skokie, Iilinois 
Division of Colorado Oil and Gas Corporation 
Marsh Instrument & Vaive Co., (Canada) Ltd., 8407 103rd St., 
Edmonton, Alberta, Canada, Houston Branch Plant, 1121 
Rothwell St., Sect. 15, Houston, Texas. 


for: 
additional product 
information 


Conduit-type Mas ter- 
mite. Grommet-type 
also avai'able. 


quate 
en 











copies of catalogs 


& bulletins 
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DESIGN LITERATURE 


continued 


actual system designs based on earlier 
chapters of the book, with emphasis 
on load effects. Properties of available 
fluids are discussed in sufficient detail 
so that practical use can be made of 
the theory. 

“Fluid Power Control’ is a direct 
result of the research and develop- 
ment efforts of the staff and students 
in the Dynamic Analysis and Control 
Laboratories of the Massachusetts In- 
stitute of Technology, and has evolved 
in close coordination with the teach- 
ing of design and control courses in 
the mechanical engineering depart- 
ment. 


Hi-temp Aircraft Wheel, 
Brake and Tire Assembly 


GILBERT T STOUT, Bendix Products Div, 
Bendix Aviation Corp, (WADC Technical Re- 
port 59-210). PB 161041, Office of Technical 
Services, Dept of Commerce, Washington 25, 
DC. 8 x 11, 66 pp. $2.25. 


(Full title: Study and Preliminary 
Design of a High-temperature Aircraft 
Wheel, Brake, and Tire Assembly.) 
Design of a wheel, brake, and tire 
capable of operating from an ambient 
temperature of 800 F appears feasible. 
However, there are many areas which 
necessitate intensified study. Most 
prominent are mechanical-tire ap- 
proaches, bearings and lubricants, and 
hydraulic or pneumatic dynamic seals. 

The mechanical tire, and its tread 
material, is the most revolutionary and 
challenging region to be conquered. 
Various mechanical-tire approaches 
were herein considered. Designs utiliz- 
ing spring configurations were more 
acutely investigated. Initial studies in- 
dicate that a mechanical tire possessing 
a spring configuration will involve a 
considerable weight penalty compared 
with the conventional wheel and cas- 
ing presently being used for low-tem- 
perature applications 


Torsion Devices 


P J GEARY. British Scientific Instrument Re 
search Assn, South Hill, Chislehurst, Kent, 
England. 6 x 9/2, 142 pp. Approx. $3. 


I'his is the third in the British Sci- 
entific Instrument Research 
series of surveys of instrument parts. 
It reviews the design, construction 


Assn’s 


and application of elastic supporting 
and connecting members employed in 
torsion. It covers: Torsion filament 
suspensions, employed as frictionless 
suspensions for the moving parts of 


sensitive instruments; torsion hinges 
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(torsion members possessing flexural 
rigidity and used as hinges for levers 
and the like); and torsional magnify- 
ing devices for the magnification of 
small displacements and the indica- 
tion of small forces. 


Ingenious Mathematical 
Problems and Methods 


lL A GRAHAM, Dover Publications Inc, New 
York, 54% x 6%, 237 pp, $1.45. 


The ingenious mathematical meth- 
ods and problems in this book repre- 
sent the original contribution of 
scores of skilled mathematicians to a 
“Private Corner for Mathematicians,” 
conducted by the author for the past 
eighteen years in the Graham Trans- 
mission Inc’s house organ DIAL. 

For the most part the problems were 
contributed by DIAL’s readers and it 
is believed that about three-fourths of 
them are original. Nearly all were sub- 
ject to a variety of solutions, the aim 
being to find the most original, short- 
est, or simplest solution as the case 
may be, and so point the path to 
greatest pleasure, profit and prowess in 
the use of mathematics, as exemplified 
in these problems. The author states 
that the most striking thing about the 
answers received has been their lack 
of similarity. In nearly every case the 
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Rotocen 


TRADEMARK 


ASSEMBLERS 


Speed and ease of assembly, superior 
strength, and infinite adjustability! 
Rotocon assemblers are ideal for 
hundreds of permanent or temporary 
applications with metal rods, tubes, 
and pipe. 

Joint and grip 

Toothed faces of 

paired assemblers 

form rigid joints 

at every 10-degree 

increment, includ- 

ing right angles. : 

Tight, all-around grip never burrs, 
scores, or distorts round stock — won’ t 
squeeze tubing out of shape. Only a 
screwdriver or a coin is needed to 
tighten the screw in the nesting nut. 
Snap-clamp snaps on over existing 
structures and fittings. No need to 
take apart existing assemblies to 
make additions. 

Sample offer— Your request on your 
letterhead will bring you a sample kit 
of Rotocon assemblers, free and post- 
paid. You have to see them, hold them 
in your hand, and experiment with 
them in your own application situa- 
tions to discover the time and money 
they can save you. 


Rotocon Division 
UNISTRUT PRODUCTS COMPANY 
935 West Washington Blvd., Chicago 7, Ill. 
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DESIGN LITERATURE . continued 


best solutions displayed a refreshing 
originality and many were superior to 
the one offered by the author of the 
problem 

lo give a sample of the problems 
we quote the first (this problem, as 
with most, is illustrated): “A foreman 
noticed an inspector checking a 3-in 
hole with a 2-in. plug and a |-in. plug 
STANLEY SAPETY SAW and suggested that two more gages be 
inserted to be sure that the fit was 
snug. If the new gages are to be just 
ilike, what should their diameters be?’ 
Several approaches to the solution are 
given in the book 


Other Books of Interest 


STANLEY UNISHEAR 
Tungsten 


Sylvania Electric Products Inc, Towanda, Penna 
8¥2 x 11, 39 pp. $1 

A bibliography on the physical properties 
and phase diagrams of tungsten for the years 


1953-1958 


ASTM Standards on Electrical In- 
sulating Materials D-9 
ASTM, 1916 Race St, Philadelphia 3. 6 x 9 
792 pp. $8.75 

Provides specifications and methods of test 
ing. 


Electrical Contacts—STP 56 M 
ASTM, 1916 Race St, Philadelphia 3. 6 x 9 
44 pp. $2.50 

1958 supplement to the bibliography, and 
abstracts 


Detonation-induction Distances in 
Combustible Gaseous Mixtures at 
Atmospheric and Elevated Initial 


y is famous 
STANLEY ELectric Toots, manufacturer of power tools, i Pressures 


for quality and dependability. They demand trouble-free gear performance. 151873. Bollinger and Edse. Office of Tech 
Cutting precision gears of all types and sizes to customers’ specifications ale Sevetens, Dagt of Commerce, Wedhlagion 

is our business. As part of this, Perkins custom-gear engineers work closely 25, DC. 8Y% x 10%, 88 pp. $2.25 

with our customers’ designers and production staffs. We can help you eontineed on page 

too . . . in design, improved performance, and cost control. “It makes 

good sense to use the help of gear experts with 52 years experience.” 

What are your gear problems? 





This Handy Gear Cal- 
culator, easy to use, 
saves time. Folder il- 
lustrating Perkins cus- 
tom precision gears 
and facilities offers 
information. Both 
yours on request. 


MACHINE AND GEAR CO. 


Dept. 92 West Springfield, Mass. "Your missile program may be ahead of us 
Telephone: REpublic 7-4751 at the moment, but we're on the threshold of 


something really big!" 
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DESIGN LITERATURE continued 
Bibliography on Filing, Classifica- 
tion, and Indexing Systems for 
Engineering Offices and Libraries 

No. 14. Engineering Societies Library, 297 W 
39th St, New York 18. 8% x 11, 33 pp. $2 


Research on Thermostable Mole- 
cules and Polymers 

PB 131663. Lawton and McRitchie. Office of 
Technical Services, Dept of Commerce, Wash 
ington 25, DC. & x 10/2, 84 pp. $2.25. 


Radio Amateur’s Handbook 
Rumford Press, Concord, NH. 6/2 x 91/2 
728 pp. $3.50 

Compiled by the headquarters stoff of the 
American Radio Relay League, this is the 
standard 


monval of amateur radio com 


munication 


Development of Inorganic Polymer 
Systems 

PB 131935. Gibbs, Tucker, Shkapenko, Park 
Office of Technical Services, Dept of Commerce, 
Washington 25, DC. 8 x 10¥2, 55 pp. $1.75 


Reactive Metals 
Edited by W R Clough. Interscience Publishers 
Inc, 250 5th Ave, New York 1. 6 x 9, 610 pp 
$15 

Proceedings of the Third Annual Conference 
sponsored by Niagara Frontier Section in co 
operation with The Metallurgical Society, 
American Institute of Mining, Metallurgical 
and Petroleum Engineers 


Electrical Engineering for Profes- 
sional Engineers’ Examinations 

John Constance. McGraw-Hill Book Co Inc, 
330 W 42nd St, New York 36. 5/2 x 8, 448 pp 
$9.50 


Annual Review of Nuclear Science 
Annual Reviews inc, Grant Ave, Palo Alito, 
Calif. 6 x 9, 625 pp $7 


Industrial 
Handbook 
Grady C Carroll. McGraw-Hill Book Co Inc, 
330 W 42nd St, New York 36. 6 x 9, 848 pp 
$16 


Instrument Servicing 


continued on page 76 























"At my pay what did you expect—Rem- 
brandi?” 
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From CHASSIS-TRAK 
NEW FEATHER-LIGHT DETENT SLIDE! 


Mode! C-300 Detent locks in three service positions — 
90° up, horizontal, 90° down 


Chassis-Trak continues to set the pace 
in slide design with the new Model C- 
300 Detent. Never before has a tilt-lock 
slide come in such a small package, yet 
despite its space-saving size — 1%” 
high, %" wide — the Model C-300 
Detent will support chassis loads up to 
50 Ibs. Not the least of the new slide’s 
attractive features is its low price — 
lowest of any detent slide on the 
market. 

Made of hard, cold-rolled steel, each 
slide is cadmium plated and then coated 
with Poxylube 75, a bonded film for- 
mulation of molybdenum disulfide, 
which provides permanent dry lubrica- 
tion. Solid bearings on all surfaces 
afford high resistance to shock and 
vibration. 


For further information contact: 


Model C-300 Detent Slides are avail 
able in seven lengths — 12 to 24 in. — 
and are designed for mounting elec- 
tronic equipment in any standard rack 
or cabinet. Like all Chassis-Trak Slides, 
they are easy to install and smooth and 
trouble-free in operation 


Mode! C-300 Detent slide shown 
locked in horizontal position 


525 South Webster, Indianapolis 19, Indiana 
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DESIGN LITERATURE. 


continued 


Cathodic Protection 
Lindsay M Applegate. McGraw-Hill Book Co 
Inc, 330 W 42nd St, New York 36. 6 x 9% 
229 pp. $9. 

A complete and practical guide to the use 
of the electrochemical means of cathodic pro 
tection to combat corrosion of underground and 


underwoter structures. 


ABSTRACTS 
FROM THE LITERATURE 


Vacuum Metallizing Plastics 
The equipment, the process and 
metallized 
for plastics are described. Special con- 
siderations applying to various types 
of plastics are also briefly discussed. 


various vacuum finishes 


“Vacuum Metallizing as Related to Plastics, 
T. J. LaBounty, Midwest Technical Service. SPE 
poper 13-1. Society of Plastics Engineers Inc, 
65 Prospect St, Stamford, Conn. 


Quality in Fabricated Teflon 
Testing procedures, causes for va- 
riations in quality of parts, how to 
specify properties and dimensions of 
fabricated Teflon are all described 


“Knowing and Recognizing Quality in Fabri- 
cated Teflon,” P. E. Thomes, E. |. Du Pont 


It's time for engineers to tak 


de Nemours & Co Inc. SPE paper 53-1. Society 
of Plastics Engineers, Inc, 65 Prospect St 
Stamford, Conn. 


Thermoforming of Plastics 
Brief descriptions and illustration 
(including cross-sectional views) of 
equipment, materials and process in 
volved in nine different tvpes of 
vacuum and drape forming of plasti 
sheet are given. 
‘Summary of Thermoforming Techniques,” R 
E. Kostur, Comet Industries. SPE paper 64-1 
Society of Plastics Engineers Inc, 65 Prospect 
St, Stamford, Conn 





"Why should we spend thousands of dollar 
re-designing our line—what's wrong wit! 


the designs we've been stealing?” 


CATALOGS 
AND BULLETINS 


To obtain copies of literature 
ow, circle correpsonding numbe 
card inside back cover 


SCIENCE SAMPLER—Booklet, 64 pp 
Collection of brief, nontechnical passages 
selected and edited by George Barkin 
from 44 Dover books explaining science 
Dover Publications, 180 Varick St, New 
York 14 

Circle 350 on Reader Service Card 


FELT AND FELT-PRODUCTS DE 
SIGN—Booklet, 24 pp Covers design 
properties of felt, special treatments and 
how to select and apply felt and felt 


Felters Co, 21 South St 


produc ts 


Boston 11 
Circle 351 on Reader Service Card 


FLEXIBLE HOSE—Bulletin 92, 24 pp 
Presents information on selection 
formance and installation of flexible ho 
Covers physical characteristics, pressure 
ratings, friction-loss data and end finishes 
Flexaust Co, Div of Callahan Mining 
Corp, 100 Park Ave, New York 17 

Circle 352 on Reader Service Card 


SLIP-RING ASSEMBLIES—Catalog 66 
SR, 28 pp 


semblies and custom assemblies 


Describes seven standard as 
Includes 
specifications and drawings of standard 


— 
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units and photos’ and operating intorma- 
tion on custom assemblies. Breeze Corp 
Inc, 700 Liberty Ave, Union, NJ 

Circle 353 on Reader Service Card 


COMPUTER CONTROL—Bulletin S$ 
4019, 25 pp. Written in layman's lan 
guage, revised booklet provides answers 
to some common problems ot computer 
control, incorporating factual changes re 
quired by recent advances in computer 
technology and many suggestions made 
Beckman Scientific and 
Process Instruments Div, Beckman In 
struments Inc, 2500 Fullerton Rd, Fuller 
ton, Calif 

Circle 354 on Reader Service Card 


by readers 


ELECTRONIC 
Catalog TR-61, 


tions and prices on complete industrial 


PFRANSFORMERS 
36 pp Offers specifica 
transformer line and over 80 new items 
l'riad Transformer Corp, 4055 Redwood 
Ave, Venice, Calif 

Circle 355 on Reader Service Card 


SPACE FACTS—Handbook PIBD-3, 60 
pp. Contains historical facts and informa 
tion on space flight and environment. Mis 
sile and Space Vehicle Dept, General Elec 
tric Co, 3198 Chestnut St, Philadelphia 4 

Circle 356 on Reader Service Card 


VALVES—Catalog 10-A, 16 pp 


ing specifications, characteristics, sizes, rat 


Ope rat 


ings and illustrations of gate, globe, angle, 
check and bar stock valves. Also covers 
asbestos-packed iron cocks and valve ac 
cessories. R-P&C Valve Div, American 
Chain & Cable Co Inc, 929 Connecticut 
Ave, Bridgeport 2, Conn 

Circle 357 on Reader Service Card 


SYNCHROS-—Catalog 4000, 16 pp. Con 
tains definitions, dimensional drawings, cir 
cuit diagrams and characteristics of basic 
line of size 8, 10, 11 and 15 synchros 
John Oster Mfg Co, Avionic Div, 1 Main 
St, Racine, Wis 
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MINIATURE LAMPS—Booklet, 20 pp 
Lists about 400 standard miniature lamps 
and tells where they can be obtained 
Gives specifications. Chicago Miniature 
Lamp Works, 1500 N Ogden Ave, Chi 
cago 12 

Circle 359 on Reader Service Card 


FUEL CELLS—Bulletin GED-4111, 12 
pp. Discusses basic facts about fuel cells 
including operation, special features, per 
formance and application. General Ele 
tric Co, Schenectady 5 
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HOLLOW ALUMINUM BAR STOCK 
Brochure, 8 pp. Lists extended range of 
size; tables for standard sizes in round 


and hexagonal rod and bar; tolerances; 


mechanical properties and specihcations 
Harvey Aluminum, 19200 S Western 
Ave, Torrance, Calif 
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HEAVY-DUTY 
Catalog 60, 5 pp 


BALLBEARINGS 
Describes heavy-duty 
With specification 
and performance information. Split Ball 

bearing Div, MPB Inc, Lebanon, NH 
Circle 362 on Reader Service Card 


radial ballbearings 


ENGINEERING 
Brochure, 12 pp 


SCHOLARSHIPS 
Details of Foundation 
which is devoted to granting engineering 
scholarships to students interested in ele 
trical, mechanical and allied engineering 
fields. Compares basic principles of Ru 
sian and US technical-education system 
Hertz Engineering Scholarship Founda 
tion, 1314 Westwood Blvd, Los Angel 
24 

Circle 363 on Reader Service Card 


RESISTORS, RHEOSTATS AND PO 
rENTIOMETERS-—Catalog 26 8 pp 
Specifications and dimensional informa 
tion. Hardwick, Hindle Inc, Newark 
N] 

Circle 364 on Reader Service Card 


CARBON AND GRAPHITE 
UCTS—Brochure, 8 pp. Includes 


tion on mechanical, chemical and electrica 


PROD 


informa 


ontinued on page 


a new look at microfilm 


@ Today microfilm is an active partner to production 
machines in modern plants—and is just as busy. Today 
engineers, methods and procedure specialists, repro- 
duction supervisors, and industrial management use 
microfilm to solve paperwork problems and speed 
production. J Microfilm makes wonderful things hap- 
pen. It standardizes records and drawings. It speeds 
reference. It simplifies filing. It shrinks file space— 
because with microfilm aperture cards you file 100% 
of the space. It improves 
security. It raises efficiency, lowers overhead. §§ The 
only thing you need to make microfilm active—usable 
daily—is a THERMO-FAX “Filmac 200’ Reader- 
Printer. Developed by 3M research, ‘“‘Filmac 200” 


of your material in 4% 


Miiawesora 
Miiaine ano 


Manvracturine company 


«+ WHERE RESEARCH IS THE KEY TO TOMORROW 


Reader-Printers combine the functions of a reader and 
a printer in a single low cost unit. You read the film 
clearly on the big screen. When you want a print, 
just touch a button and in seconds you'll have a copy 
—enlarged up to 18 x 24 inches. § THERMO-FAX 
“Filmac 200” Reader-Printers in a reproduction de 
partment and at multiple point-of-use installations 
make microfilm practical for any industry. There are 
many ‘‘Filmac’’ Reader-Printers actively at work today 
in a variety of operations—saving time, money, and 
improving efficiency. We invite you to take a new look 
at microfilm now. Mail the coupon for a free copy of 
“‘Let’s Take a Positive Look at Microfilm’’. . 
page booklet about microfilm at work. 


. a twelve 


Minnesota Mining and Manufacturing Company 
Dept. FBN-520, St. Paul 6, Minnesota 


Please rush me a free copy of ‘‘Let’s Take a Positive Look at Microfilm.” 


Name 

Title 
Company____ 
Address . 


THE TERM THERMO-FAX” IS A REGISTERED TRADEMARK OF SM COMPANY 


St. Paul 6, Minn. 
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STEWARD'S 


MAGNET 
FAMILY 


High Energy Product 


r-900 


ORIENTED 


H 


CERAMIC 
PERMANENT 
MAGNET 


BH=3.5 x 106 G.Oe 
c=2000 Oe Br=3900 G 


APPLICATIONS: 


LOUDSPEAKER MAGNETS 
MAGNETIC SEPARATORS AND 
OTHERS REQUIRING HIGH BH 

PRODUCT AND COERCIVITY 


Look to D. M. Steward Manufacturing 


Company 


M 


78 


for all of your Ceramic 


agnet requirements. 
Write for F-500 brochure to: 
D. M. STEWARD MFG. CO. 


3640 JERROME AVENUE 
CHATTANOOGA, TENNESSEE 
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DESIGN LITERATURE 


continued 


properties of carbon and graphite Also 


covers recommended techniques for ma 
With 
charts, graphs and dimensional drawing 
Speer Carbon Co, St Marys, Penna 


Circle 365 on Render Service Card 


hining, and specific applicatious 


VALVE 
reference 
craft, 


equipment 


SELECTION 
of valve 
rocket and 


Characteristics of 


Chart Cre 
types suitable for au 


missile, ground support 
stock val\ 
James, Pond & Clark In 
Foothill Blvd, Pasadena, Calif 


Circle 366 on Reader Service Card 


are described 


2181 I 


CONTROL VALVES 668A 


pp. Covers description, operation, specif 


Bulletin 


cation and applications of Series-50! 
Ralph N Co 
Calif 

Circle 367 on Reader Service Card 


on 


trol valves Brodie Sal 


Leandre 


PRINTED CIRCUIT DRAFTING AIDS 
Bulletin P-30, 6 pp 


shapes and sizes of pressure-sensitive draft 


Includes precut 


Ircuit 


o Blvd 


ing aids for use in making printed 
By-Buk Co, 4314 W Pi 
Los Angeles 19 

Circle 368 on Reader Service Card 


drawings 


REDUCING MACHINE-TOOL EQUIP 
MENT NOJISE—Brochure, 8 pp. Cas 
study of how clatter and stock 
damage are solved by using PVC tubes t 


machine 


line or replace metal tubes on machin 
tool equipment. A M Byers Co, Clark 
Bldg, Pittsburgh 22 
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ACID HARD BRIGHT 24-KT GOLD 


Brochure, 6 pp. Describes properties, chat 
acteristics and applications of heat-resist 
ant 24-kt acid-bright gold for electroplat 
ing. Technic Inc, PO Box 965, Providenc« 


1, RI 
Circle 370 on Reader Service Card 


INDUSTRIAL SOLENOIDS 
GEA-6215B, 12 pp 


solenoids, available in nine sizes providing 


Bulletin 
Discusses ac and dc 


24 basic ratings. Describes uses. General 
Electric Co, Schenectady 5 
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HIGH-TEMPERATURE TANTALUM 
CAPACITORS—Bulletin 6.111-2, 8 pp 
Specifications, dimensions, ratings, curves 
performance characteristics and applica 
for 
operation in ambient temperatures to 257 
F. Fansteel Metallurgical Corp, Dept PI 
1, North Chicago, III 

Circle 372 on Reader Service Card 


tion information on tantalum units 


CERAMIC PERMANENT MAGNETS 

Catalog 18A, 8 pp; Bulletin 353, 2 pp 
Catalog describes special properties, uses 
and applications of Indox I and V mag 
nets, with characteristics. Includes magnet 


continued on page 


SHINGS 


STRAIN RELIEFS 
The insulating bushing 
that anchors 4 cord set 
to an electrically oper 
ated machine of app! 


JUNCTION -TERMINAL | 


BUSHINGS 
Eliminate ‘‘pig-tai Miniature 
Snap-in assembly 
number coded 
plug-in receptacle 
disconnect 


size 


Can be 


ACCORDIAN TYPE 


Fit curved surfaces 
Nylon bushing — brass tab 


NYLON 


holes from %” to 

* dia.- various inside 
diameters Snap — . 
panels up to ig” _thic 


10 Sizes for 


BUSHINGS OF 
.Ae))) Bia lelia ; 


HEYMAN 


MANUFACTURING COMPANY 
KENILWORTH 2, NEW JERSEY 


4 
; 


! 
! 
! 
! 
i 
I 
i 
! 
! 
! 
! 
' 
i 
i 
i 
' 


4 
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SAVE TIME 


WITH KAMLOK QUICK COUPLERS 


——> £ 
CUT YOUR MAINTENANCE COSTS 


Save production time by replacing 
hose and pipe connections with 
Kamilok Quick Couplers. Used wher- 
ever hose and pipe connections are 
periodically uncoupled. Fast 

Safe Sure. No tools needed. 
Just fit together and pull the 

cam arms down. Lock securely 

in place. Leakproof gasket 
cannot fall out. All Kamioks 

100% master gauged for 

complete interchange- 

ability. 


KAMLOKS are available from stock 
in bronze, aluminum, stainless 
steel, monel and semi-steel from 
1," through 6” sizes. 39 different 
Styles to choose from. Specials to 
fit your needs. Get full details 


Send for Handbook F-10R 


KAM 


6013 WIEHE ROAD 
CINCINNATI 13, OHIO 
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DESIGN LITERATURE.. ; . continued 


selector chart, list of stock magnets and 

derating curve for low temperaturc¢ opera 

tion. Bulletin covers Indox VI magnets 

used in traveling wave tubes. Indiana 

| Products, Div of Indiana General 
Valparaiso, Ind 
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CAP SCREWS-—Bulletin, 4 pp. Gives 
pecifications, dimensions and perform 
aince information on 1960 Cap Screw 
Series. Set Screw & Mfg Co, Bartlett, I 
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POLYETHYLENES AND TAILORED 
RESINS—Price list, 4 pp. Prices on high 
density polyethylenes, ethylene copolymers 
and tailored resins remain unchanged 
Prices on low-density and medium-density 
polyethylenes and tailored resins are in 
luded. Phillips Chemical Co, Plastics 
Sales Div, Bartlesville, Okla 

Circle 375 on Reader Service Card 


HIGH-STRENGTH LOCKNUTS—Bu! 
letin 2608, 4 pp. Describes locknut rated 
at 260,000 psi. Photos, charts and line 
drawings point up design and perform 
Standard Pressed Steel 
Corp, Box 545, Jenkintown, Penna 

Circle 376 on Reader Service Card 


ince features 


ZINC ALLOY—Brochure, 4 pp. Describes 
physical and mechanical properties of alloy 
of zinc, copper and titanium, which r 
tains basic advantages of zinc yet provides 
structural strength, stability and scope of 
other nonferrous metals. Whitehead Met 
303 W 10 St, New York 14 

Circle 377 on Reader Service Card 


ils Inc, 


LAMINATED PLASTICS Bulletin 
Ais a pp Lists government agencies 
specifications and corresponding grade for 


26 of its laminated plastics. Taylor Fibre 
Co, Norristown, Penna 
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SEATING-TYPE, REUSABLE 
NUT—Booklet, 4 pp 


operation of locknut 


LOCK 
Explains design and 
Includes specifica 
tions and dimensions With cutaway 
drawings. Klincher Locknut Corp, 2153 

Hillside Ave, Indianapolis 
Circle 379 on Reader Service Card 


ADJUSTABLE DAMPING-—Bulletin 91 
251, 6 pp. Discusses advantages of ad 
justable damping of flow pulsations in 
differential-pressure transmitters Fischer 
& Porter Co, 475 Jacksonville Rd, War 
minster, Penna 
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VARIABLE VOLTAGE ADJUSTORS 
Catalog 161-BU1, 4 pp 
of voltage variations and fluctuations and 


Covers subject 


their effect on performance of equipment 


Also includes formula to determine proper 
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voltage adjustor and specifications of man- 
ual voltage adjustors in capacities from 
150 w to 10 kva. Acme Electric Cory 
Cuba, NY 

Circle 381 on Reader Service Card 


WIRE-CLOTH FLUID-FILTER ELI 
MENTS—Brochure 142, 4 pp. Di 
typical fluids and systems that in 
wire-cloth filters, design features nviro1 
ments, construction, performance ind 
metals available Bendix Filter Div, Ber 
dix Aviation Corp, 434 W 12 Mile Rd 
Madison Heights, Mich 
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CIRCUIT-DESIGN AND EXPERI 
MENTOR KITS—Bulletin SE 102, 2 pp 
Describes contents and range of thermistor 
and varistor kits for use in solution of 
ircuitry-design problems Victory Engi 
neering Corp, 546 Springfield Rd, Union 
NJ 
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ROTARY SOLENOIDS—Leafict | 
pp Basic information sheet illustrates 
torque, speed of stroke, type of strokes, 
power takeoff and sizes. Ledex Inc, 123 
Webster St, Dayton 2, Ohio 

Circle 384 on Reader Service Card 


SQUARE AND ROUND PLASTIC 
rUBING—Bulletin 1003, 2 pp De 
scribes tubing, physical properties and pet 
formance ratings. Ren Plastics Inc, 5422 
S Cedar Rd, Lansing 9, Mich 

Circle 385 on Reader Service Card 


REVERSING DRUM SWITCH-—Bulk 
tin GEA-7000, 2 pp 
switch for control of single-speed electri 
With ratings, typical 
onnection diagrams and features. Gen 
eral Electric Co, Schenectady 5 

Circle 386 on Reader Service Card 


Describes new drum 


motors up to 2 hp 








"He 4 man of man) 
tired, shiftless, lazy... 


REPRINTS 


As long as the supply lasts, readers 
in US and Canada can secure one copy 
yf P lettered 
charge, by using one of the Reads 


reprints without 


Service cards bound inside the bach 
cover. Note that the card must be used 
within 60 days of publication date 


Electrical Analogs Simplify Heat- 
flow Analysis P 49 
Shaping Vulcanized Fibre Parts. P 48 
Centralized Lubrication P 47 
Integral Balibearings P 46 
3-D Harness Wiring P 45 
Standards for Metal Hose P 44 
Marking Your Part P 43 
7 Steps to Better Oral Reporting.P 42 
Best Results with Printed Wiring.P 41 
Elliptical Gears P 40 
Variablespeed Motor Drive P 39 
Faster Ways to Set Statistica! 
Tolerances . P 38 
4 Types of Vibrators P 37 
Resin-Bonded Wood Compositions P 36 
20 Application for Screw Threads.P 35 
integrally Sealed Balibearings 
How to Design Against Tampering 
Selecting Change Gear 
Comparing Test Results 
High-temp Spring Material 


QUANTITY PRICES 
For single shipments of any 
title to one address on order accom 
panied by remittance, quantity orders 
will be supplied as long as the supply 
lasts 
Quantity Price per copy 
$0.25 
0.20 
0.15 
100 Write for quotation 
Make checks payable to PRODUCT 
ENGINEERING, 330 West 42nd St 
New York City 36, N. Y 


SPECIAL REPORTS 


Here is a list of special reports stil 
available. You may obtain four for 
$1 by writing Readers Service Dept 
PRODUCT ENGINEERING, 330 W 42 
St.. New York 36 
mittance with order; we pay postag« 


Please enclose re 


The Rare Earth Metals 

Hand Lay-up 

Design by 
($0.50) 

Four Bar Linkages ($0.50) 

Air Preforming with Matched- 
metal Dies R 39 

New Equations for Circular-arc 
Cams R 38 

Contour Weaving for Reinforced 
Plastics R 37 

Noncircular Gears , R 36 

Selecting Air Compressors 

Wet Slurry Process R 34 

Wet-cell Batteries for Power 

Societies Offering Standards 

Sprayed Reinforced Plastics 

Dimensional Analysis 

Damping Tapes 


Digital Computer 





=. 
owes “=e 


COMPLETELY SEALED 
MAINTENANCE-FREE 


CASTERS 


Another first for better equipment 
sanitation! A complete line of sealed, 
sanitary casters in light, medium 
and heavy-duty models that comply 

. and surpass even the most rigid 
sanitation standards. 

New in design, with special con- 
struction-convenience features that 
make sanitary maintenance simple 
and easy; plus the fact that they out- 
last regular casters many times over. 

Immediately available in a broad 
range of floor-protective swivel and 
rigid models in 4”, 5” and 6” wheel 
diameters, 400 to 1200 pound 


capacities 


Molded Texite Wheels 

> ... were selected for use 
on these sanitary casters 
because they offer better 
floor protection, equal 
semi-steel wheels in 
load-handling abilities, 
are easily cleaned, shock 
resistant and impervious 
to most industrial chemi- 
cals, acids, etc. 


Write “Joday 


for additional information, 
specifications, prices on these 
modern sanitary casters. 


ALBION 
INDUSTRIES, INC. 


Distributors in Every Strategic City 
Main Plant 
ALBION, MICHIGAN 


ee iain 


-* 


ove 
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INDEX OF PRODUCTS 


ADVERTISED IN THIS ISSUE 








ifter reading the adver tiaements 


classified below 


these products can be obtained 


Assemblies 
Structural 


Bearings 
Ball 
Miniature 
Oilless 
Roller 
Sleeve 

Belts, V 

Books 

Bushings 


Bushings, Strain Relief 


Casters 
Computers 
Connectors 
Hose 
Tube 
Controllers 
Control! Panels & Switchboards 
Controls 
Pneumatic 
Couplers 


Drafting 
Supplies 
Drives 


Variable Speed 


Electrochemical Finishes 


ments 


Fastening Methods 


Heating Units 
Hose & Tubing 


14, 25, 61 
14 

3rd Cover 
14 

3rd Cover 
22-23 

65 

78 

78 


& Treat- 
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Which bearing for you? Which of 25 grades of sintered 
bronze or iron? How much oil content? What special prop- 
erties? We can select and promptly deliver the one type of 


bearing that’s exactly right for your application. 
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Bound Brook Oil-less Bearir 





Pilot teeth guide 
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hand starting. 
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dislodging force. 
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Simplity assembly, save costs! Springrip Fasteners are simple to apply to rods and 
studs .. . assure exceptional strength without special preparation . . . no costly threading or 
drilling required. Standard Springrip Fasteners with pilot teeth now in stock and available for 
immediate delivery. Full details on all cost-saving Springrip Fasteners and other Fastex Shaft 
Retention Fasteners are found in new Fastex Catalog No. AF-9. This important booklet contains 


complete technical data, dimensions and application suggestions. Write for your catalog today! 
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